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THE  REDUCTION  OP  SILICOTUNGBTATBS  BY  HYDROGEN 


H  THE  REIPUCTION  OP  CIB-SILICOTUNGBTIC  ACID  AND  ITS  POTASSIUM  SALTS 


E.  A. .  Nikitina  and  A-  S. ;  Kokurina 


Introduction;  Contradictory  views  are  expressed  in  the  foreign  literature 
on  the  structure  of  the  inner  spheres  of  heteropoly  acids.  Mlolati  [i]  and 
Rosenheim  [2]  believe  that  the  MegOT  radicals  (where  Me  =  ¥  or  Mo)  are  arranged 
about  the  central  atom.  Pfeiffer  [3]  thinks  that  the  central  atom  in  "heteropoly 
acids  is  surrounded  by  six  oxygen  atoms,  each  of  which  coordinates  two  MeOa  rad¬ 
icals;  Keggln  [4]  asserts  that  the  central  atom  has  four  MeaOio  radicals  attached 
to  it,  and  so  forth.  None  of  these  notions  has  been  checked  experimentally.  It 
is  the  objective  of  this  research  of  ours  to  make  a  critical  evaluation  of  the 
existent  views  of  the  structure  of  the  inner  sphere  of  heteropoly  acids  and  to 
make  a  thorough  study  of  the  problem.  With  this  goal  in  view,  we  made  a  system¬ 
atic  investigation  of  the  reduction  of  slllcotungstates  with  hydrogen. 

1,  Reduction  of  cis-sllicotungstic  acid.  The  information  in  the  litera¬ 
ture  -on~th(rTeductToir”oFTiricotungstateF7henceforth  denoted  by  s.t.)  by  hydro¬ 
gen  is  limited  to  a  few  patents  [5],  which  merely  indicate  the  feasibility  of 
reducing  slllcotungstic  (s.t.)  acid  and  its  salts.  In  our  study  of  the  reduction 
of  s.t.  acid  and  of  all  the  subsequent  potassium  s.t.,  we  employed  the  method 
described  at  length  in  our  Report  I  [e].  When  reducing  cls-s.t.  (henceforth 
denoted  by  c.s.t.)  acid,  we  observed  the  dehydration  of  the  compound  and  the  loss 
of  oxygen  at  the  given  reduction  temperatures. 

Marignac  [7]  has  described  a  crystal  hydrate  of  s.t.  acid,  with  28.5  mole¬ 
cules  of  water  and  a  melting  point  of  56-35“*  After  being  dried  at  100®,  s.t,, 
acid  retains  a  constant  weight  until  150®;  It  continuously  loses  about  5.23  mole¬ 
cules  of  water  between  I50  and  280";  the  last  molecules  of  water  are  lost  some¬ 
what  above.  250®,  and  the  compound  decomposes.  Rosenheim  [e]  has  described  the 
same  crystal  hyc^ate  as  Marignac,  with  28  molecules  of  water  and  a  melting  point 
somewhere  between  25  and  40®;  he  also  described  a  crystal  hydrate  with  22  mole¬ 
cules  of  water  and  a  melting  point  of  53" 

According  to  Copeau  [0],  s.t,  acid  contains  12  molecules  of  water  at  105®. 
Crystals  hydrates  with  30,  29,  17;  and  I6  molecules  of  water  cure  also  described 
in  the  literature  [lo]. 

We  have  investigated  the  loss  of  water  and  of  oxygen  in  s.t.  acid  by  re¬ 
ducing  it  further  with  hydrogen  at  temperatures  ranging  from  200  to  800®.  This 
resulted  in  the  complete  dehydration  of  the  compound,  followed  by  its  reduction 
to  metallic  tungsten. 


TABLE  1 


Doubly  recrystallized  s.t.  acid 


was  used  for  reduction}  its  analysis 
is  given  in  Table  1. 

Table  2  and  Fig.  1  give  the 
results  of  our  reduction  of  the 

Percent 

found 

^  Calcul¬ 
ated  for 
an  octa- 
basic  acid 

Calculated  from 
the  formula 
[H8[Si(W207)6] 

sample  at  temperatures  ranging 
from  200  to  800° . 

The  data  in  Table  2  show  that 
our  findings  are  close  to  those  of 
Marignac  in  the  temperature  range 

WO3  88.28 
Si02  1.80 

H2O  10.68 
Water, 
mols.  . .  .  . 

95,46 

1.85 

2,5 

17.5 

95.47 

2,06 

2.46 

investigated,  but  it  should  be  noted 

that  calcining  in  hydrogen  slows  down  the  loss  of  water  to  such  an  extent  that 
..even  at  U00°  the  oxygen  content  of  the  substance  is  far  from  that  of  WO3. 
Raising  the  temperature  still  higher  causes  the  reduction  of  the  tungstic  an¬ 
hydride,  which  passes  through  the  lower  stages  of  oxidation  of  tungsten  (W2O5, 
WO2,  etco)  and  is  converted  into  the  metal. 


TABLE 

Reduction  of  Cis-S.T.Acid 


l^eduction 

%  Oxygen  in 

Composition  of 

No. 

tempera- 

the  calcined 

Color  of  Product 

product  and  des- 

Remarks 

ture , 

sample 

cription  of  re¬ 
duction  process 

1 

200" 

28,2 

White  crumbly 

Chemical  combined 

> 

1 

1  Percentage  of 

powder 

water  begins  to 

oxygen  in  the 

be  driven  off 

i 

1 

1  initial  cs,  t. 
>acid  in  '  the 

2 

500 

26.68 

Whitish-gray 

2  molecules  of 

reduction  pro¬ 
ducts  (calc. 

powder 

water  are 
driven  off 

from  the  form- 

j 

ulas. 

3 

400 

24,56 

Bluish- green 

Last  molecules  of 

) 

water  driven  off, 
coordination  com 
pound  breaks  down 

1 

4 

500 

15.06 

Brown-blue 

W2O5  with  a  trace 

1 

of  WO2 

^  c.s.t,  acid 

5 

600 

8,42 

Brown 

WO2  with  a  trace 
of  W 

28.28^ 

WO3  20.69^ 

!  W2O5  17.86^ 

6 

700 

5,11 

Dark  gray 

W  with  a  trace  of 

WO2  14.82^ 

WO2 

7 

800 

0,32 

Gray  metal 

Practically  pure 

tungsten 

2.  Reducing  the  cis-silicotungstates  of  potassium  with,  hydrogen.  The  great¬ 
est  interest  attaches  to  the  reduction  of  pure  s.t.,  from  the  standpoint  of  the 
link  between  tungsten  bronzes  and  heteropoly  compounds.  This  section  deals  with 
the  results  of  the  reduction  of  all  the  potassium  cis-silicotungstates,  from  the 
mono-  to  the  octasubstituted  salts.  The  reduction  conditions  and  the  mode  of 
operation  were  similar  to  those  used  in  reducing  potassium  paratungstate  and  cis- 
s.to  acid.  The  composition  of  the  reduction  products  was  determined  by  subjecting 


1290 


the  samples  of  potassium  s.t.  to  further  analysis r 

a)  Visual  examination  of  the  reduced  sample  under  the  microscope,  the  color 
of  the  crystals  yielding  a  fairly  accurate  evaluation  of  the  presence  of  iDronzes 
in  the  sample. 

The  crystals  of  the  potassium  bronzes  are  golden  violet.  Sometimes  these 
crystals  are  scattered  all,  over  the  field  of  view,  but  most  often  they  exist  as 
inclusions  in  a  gray  mass  of  other  reduction  products. 

b)  X-ray  phase  analysis  was  used  to  judge  the  presence  of  bronzes, 

by  comparing  the  X-ray  patterns  of  the  pure  bronzes  with  the  X-ray  photographs  of 
the  reduced  s.t. 

c)  Chemical  analysis  for  washed-out  alkali.  This  method  enabled  us  to  de¬ 
termine  chemically  the  temperature  range  in  which  the  tungsten  bronzes  are  formed 
and  decomposed.  The  method  is  based  upon  the  researches  of  V.I.Spit^n,  who 
found  that  a  bronze  decomposes  at  a  reduction  temperature  of  700-800*^  yielding 

a  neutral  tungstate,  metallic  tungsten,  and  water.  As  we  know,  a  bronze  does  not 
dissolve  in  water,  nor  is  it  decomposed  by 
it.  Hence,  the  alkali  combined  as  a  bronze 
is  not  leached  out  by  water,  whereas  the 
decomposition  products  of  the  ‘bronze,  K2WO4 
or  Na2W04,  are  freely  soluble  and  may' be 
determined  quantitatively.  A  detailed  det- 
scription  of  this  method  of  analysis  will 
be  given  in  a  separate  report. 

The  results  of  our  investigations  of 
each  sllicotungstate  are  given  in  tables, 
figures,  and  X-ray  photographs.  M.A.  Vlad¬ 
imirova  was  kind  enough  to  do  the  X-ray 
analysis. 

The  computations  of  the  individual 
X-ray  pktterns  are  given  below. 

Reduction  'of  mono-,  di-,  and  trl- 
substituted  salts  of  cis-silicotungstic 
acid.  The  following  salts  were  reduced: 

K2O “ 2SIO2 “ 24W02 ‘ 35H2O, 

K20Si02“12W03“13.5H20,  and 
3K2O “ 2SIO2 ” 24WO3 » 25 . 6H2O, 

their  chemical  composition  being  given  in 
Table  3. 

The  composition  of  these  compounds 
indicates  that  this  group  of  sillcotung- 
states,  containing  little  alkali  (K2O 
ranging  from  I.61  to  far  from 

satisfies  the  alkali  percentage  specifica¬ 
tions  -for  the  potassium  bronze,  K2W40i2^ 
where  K2O  totals  It  was  therefore 

unlikely  that  this  group  would  yield  bronzes; 
we  confined  our  investigations  of  these 

samples  ‘to  observing  the  behavior  of  the  water  and  the  general  behavior  of  the 
silicotungstates  when  reduced  with  hydrogen  in  the  300-500*  temperature  range. 

In  this  case  the  method  used  to  determine  the  loss  of  water  during  reduction  was 


Fig.  1.  Reduction  of 
slllcotungstic  acid. 
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TABLE  3 


Formula  of  salt 

Per  cent  found 

L _ _ _ 

^  recomputed 
for  the  anhyd¬ 
rous  salt 
without  im¬ 
purities 

^  computed  from 
the  formula  for 
the  anhydrous 
salt 

WO3 

K2O 

SiOp 

HpO 

Cl’ 

wm 

KpO 

SiOp 

WO3 

K2O 

Si02 

2KpO“2Si0p“24W03  . 

85.66 

1.61 

1.86 

10.95 

None 

96.05 

1.80 

2.05 

96.30 

1.63 

2.07 

Kp0-Si02'12W03. . , . 

87.18 

3.09 

1.83 

8.23 

None 

94.65 

3.35 

1.99 

94.76 

3.28 

2.04 

3K20‘-2Si02“24¥03  . 

86.01 

4.47 

1.84 

7.68 

None 

95.1 

4.84 

2.03 

93.27 

4.73 

2.01 

not  the  same  as  that  used  for  the  s.t.  acid,  the  sample  being  calcined  in  air  to 
constant  weight,  after  which  the  per  cent  gain  or  loss  in  weight  was  determined. 

The  results  of  this  analysis  are  set  forth  in  Table  4,  which  shows  that 
the  silicotungstates  also  retain  their  water  tenaciously,  keeping  3  to  6  molecules 
of  water  even  at  400” . 

i  TABLE  4 


Reduction  of  Mono-,  Di-,  and  Trisubstituted  Potassium  Silicotungstates 


Redu- 

Calcining 

losses 

_ 

cing 

1  Kp0“2S10p‘24W03  1 

1  KpO- SiOp •I2WO3  1 

1  3K:20“2Si02-24W03 

Remarks 

temp¬ 

erature 

molecules 

% 

molecules 

molecules 

300°  1 

3.63 

11 

3.24 

5.3 

2.01 

6 

Some  of  the  com- 

400 

i 

1  i 

2.05  1 

:  i 

i 

6.6  1 

1.83 

3 

1.21 

4 

bined  water  elim¬ 
inated 

Combined  water 

500 

1 

Gain  ^ 
in  wt . 

0.23 

i 

Gain 
in  wt. 
0.64 

- 

Gain 
in  wt. 

0.75 

driven  off  and  co¬ 
ordination  com¬ 
pound  decomposed 

Reduction  sets  in 

Reduction  sets  in  at  500®,  the  rate  of  reduction  rising  With  an  increase 
in  the  per  cent  of  K2O.  This  is  apparently  due  to  the  catalytic  action  of  the 
K2O,  as  "has  been  pointed  out  by  Koppelman  [n]. 

Reduction  of  tetrasubstituted  potassium  cis-s.t.  The  formation  of  potas¬ 
sium  bronzes  may  be  expected  when  we  reduce  silicotungstates  that  contain  more 
K2O,  beginning  with  the  tetrasubstituted  salt,  which  contains  6.3^  K2O;  we  there¬ 
for  analyzed  these  reduced  samples  by  all  three  of  the  methods  set  forth  above. 

We  used  a  potassium  cis-s.t.  with  the  formula  2K20'Si02'’12W03“17H20,  the  chemical 
analysis  of  which  is  given  in  Table  5* 

This  salt  was  reduced  at  various  temperatures.  The  reduction  results  are 
given  in  Table  6,  which  shows  that  the  reduction  of  the  tetrasubstituted  potassium 
s.t.  in  the  2OO-5OO®  range  entails  the  elimination  of  the  combined  water.  De¬ 
composition  and  rearrangement,  with  the  formation  of  bronzes,  are  observed  at 
500®!  the  bronzes  are  clearly  visible  under  the  microscope,  though  they  are  not 
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TABLE  5. 


Chemical  Composition  of  Tetrasubstituted 
Potassium  S.T. 


Chemical 

compound 

Per  cent 
found 

‘fo,  recom¬ 
puted  from 
the  anhyd¬ 
rous  salt 

computed  from 
the  formula 
2K20»Si02*12W03 

WO3  .... 

82.23 

91.78 

91.8 

SiOa - . . . 

1.74 

1.94 

1.97 

KbO  .... 

:5.65 

6.30 

6.23 

H2O  .... 

10,26 

- 

- 

Cl»  .... 

0.025 

- 

- 

yet  seen  in  the  X-ray  pattern.  The  bronze 
lines  appear  in  the  X-ray  photograph  at  600®, 
though  their  number  is  exceedj-ngly  small. 


Fig.  2.  Reduction  .of  tetra¬ 
substituted  potassium  silico- 
tungstate . 


Fig.  2  shows  that  the  decomposition  of 

a  bronze  is  accompanied  by  a  sharp  rise  in  the  quantity  of  alkali  leached  out,  the 
curve  changing  direction  abruptly  whenever  a  bronze  is  formed. 


TABLE  6 


Reduction  of  Tetrasubstituted  Potassium  Cis-S.T. 


Reducing 

tempera- 

Total  ^ 
K2O 

Per  cent  K2O 
leached  out 

Microscope  observations 

X-Ray  analysis 

ture . 

Test 

series 

I 

II 

200" 

6.30 

2.91 

2.72 

White  homogeneous  powder  ^  . 

- 

0 

0 

0 

6.30 

2.46 

2.68 

Whitish-gray  homogenous  powder 

400 

6.30 

1.88 

1.99 

Blue -gray  powder 

_ 

500 

6.30 

2.74 

2.54 

Blue-brown  powderj  violet  crys¬ 
tals  of  the  bronze  are  found 

Non-equilibrium 
state;  lines 
much  blurred 

600 

6.30 

2.85 

2.71 

' 

Dark-brown  powder; / violet  crys¬ 
tals  of  th@  bronze  are  found 

Individual  line! 
close  to  the  poi 
slum  bronze  Unei 

700  ^ 

6.30 

6.61 

6.19 

Dark-gray  powder;  heterogeneous 

- 

T'i.  .  _  . .  Lhi 

The  computation  of  the  X-ray  pattern  is  given  in  Table  7- 

The  first  column  of  the  table  gives  the  serial  numbers  of  the  lines.  Col¬ 
umn  2  gives  the  observed  visual  density  of  the  lines  on  the  five-point  system 
(very  strong,  strong,  medium,  weak,  very  weak).  Column  3  gives  the  observed 
values  of  sin^  ft.  Column  4  gives  the  values  of  sin^  ^  calculated  for  the  stand¬ 
ard  potassium  bronze. 

For  some  of  the  X-ray  photographs  reproduced  below  (see  Plate,  page 1300)^ 
we  have  added  a  fifth  column  Indicating  the  Miller  Indices,  h,  k,  1,  for  metallic 


1293 


tungsten.  Column.o  then  gives  .the.  sin?  ilf  .. calculated  for  metallic  tungsten.  The 
precision  of  measurement  of  the  interlinear  distances  was  0.5  mm.  The  diameter 
of  the  chamber  was  57*6  mmj  the  conditions  under  which  the  X-ray  analysis  was 
made  did  not  differ  from  those  described  in  our  first  report.  The  amount  of 
alkali  leached  out  indicates  that  bronzes  were  produced  in  Tests  6  and  8,  at 


400-500°,  but  the  X-ray  analysis  shows 
potassium  bronze  appear  only  in 
Tests  8  and  9>  at  500-600°.  3 

SampleL’  of  s.t.  of  different 
composition* were  reduced  in  sim-  - 
ilar  fashion.  The  results  are 
set  forth  in  the  respective 
Tables. 


Fig.  5»  Reduction  of  penta- 
substituted  potassium  silicc 
tungstate. 


that  the  characteristic  crystals  of  a 

,  TABLE  7 

Computatiop  of  the  X-Ray  Pattern  of  a 
Sample  of  tb^Tetrasubstituted  Salt,  Cal¬ 
cined  at  600° 


iine 

No. 

Density 

Sin'^^V  , 
observed 

Sin  , 

computed  for 
a  standard 
potassium 
bronze 

1 

Strong 

0.72 

- 

2  j 

Medium 

0.092 

- 

5 

Strong 

0.122 

- 

4 

Strong 

i  0.142 

~ 

5 

Strong 

1  0.169 

-  ■ 

6 

Strong 

i  0.209 

0.212 

7 

Weak 

!  0.224 

- 

8 

Weak 

!  0.259 

0.254 

9 

Strong 

0.256 

0.255 

10 

Strong 

0.284 

0.284 

11 

Medium 

0.527 

0.522 

12 

Medium 

0.556 

0  - 

13 

Very  Strong 

0.383 

0.589 

l4 

Strong 

0.400 

- 

15 

Medium 

0.415 

0.422 

16 

Weak 

0.446 

- 

17 

Strong 

0.470 

- 

18 

Strong 

0.500 

- 

19  ^ 

Medium 

0.566 

- 

5.  Reduction  of  ^^pentasubstituted  potassium  cis-s.t.  ,  5Kp0'  PSiO^  * 24WP3 ' 12 . 4H2O . 
The  chemical  analysis  of  this  salt  is  given 'in  Table  8. 

The  results  of  reduction  are  given  in  Table  9  and  Fig.  3|  the  decomposition 
of  the  bronze  is  accompanied  by  an  abrupt  change  in  direction  of  the  curve.  The 
X-ray  patterns  are  also  given. 


The  results  of  computing  the  X-ray  patterns  secured  with  the  various  sam¬ 
ples  of  pentasubstituted  potassium  silicotungstate  reduced  at  6OO,  TOOy  and  800° 
are  listed  in  Tables  10,  11,  and  12,  and  shown  in  Fig.  5^  and  in  the  X-ray  photo¬ 
graphs  .  * 

The  results  of  the  X-ray  analysis  of  the  reduced  samples  of  pentasubstituted 
potassium  cis-s.t.  indicate  that  most  bronzes  are  formed  at  600°,  where  all  of 
the  dense  lines  are  those  of  a  potassium  bronze.  At  7OO  and  8OO*  the  density  of 
the  potassium  bronze  lines  is  much  lower,  the  lines  being  greatly  blurred  in 
some  instances.  This  signifies  that  the  bronzes  begin  to  decompose  at  tempera¬ 
tures  above  600°,  with  more  thoroughgoing  reduction  of  the  tungsten  oxides. 
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TABLE  8 

Chemical  Composition 


Chemical 

compound 

Per  cent 
found 

Per  cent  recomputed 
from  the  anhydrous 
salt 

Per  cent  computed  from 
the  formula 
5K20*2S102-24W03 

WO3  .... 

87,44 

90.61 

90.40 

Si02  ... 

1.87 

1.94 

1.95 

K2O  .... 

7.12 

7.38 

7.68 

H2O  .... 

5.61 

- 

Cl*  .... 

0.004 

— 

- 

TABLE  9 


Reduction  of  Pentasuhstituted  Potassium  Cis-S.T. 


Reduction 

Chemical 

analysis 

X-Ray  Analysis 

Microscopic  observa¬ 
tions 

tempera¬ 

ture 

Total  ^ 
KpO 

Tl^o 

leached  out 

1 

3 

4 

5 

500° 

7.58 

2.54 

Weak  density,  all  lines 
blurred 

Gray-white  powder;  un¬ 
decomposed  crystals  of 
the  salt;  violet  crys¬ 
tals  of  the  bronze  are 
found 

600 

7.58 

5.68 

Intense  reflection  from 
the  tungsten  space 
lattice;  weaker  re¬ 
flection  from  the 
bronzes 

Dark-gray  powder;  vio¬ 
let  crystal's  scattered 
through  the  field. 

700 

7.38 

6,92 

Tungsten  lattice  pre¬ 
dominates;  only  4 
lines  coincide  with 
the  bronze  lines 

Dark-gray  powder;  indi¬ 
vidual  violet  crystals 
are  encountered 

800 

7.38 

7.03 

Tungsten  lines  pre¬ 
dominate;  bronze  lines 
present 

Lustrous  gray  powder  of 
metallic  tungsten  sln^ 

6,  Reduction  of  the  hexasubstituted  potassium  cis-s.t.,  3K?0°Si0p°I2WCr:t° 

" l6.6HgO.  The  chemical  composition  of  this  salt  is  given  in  Table  13. 

The  results  of  reducing  the  hexasubstituted  salt  are  given  in  Table  1^  and 
Figo  Fig.  4  shows  the  abrupt  changes  in  slope  of  the  curve  due  to  decomposi¬ 

tion  of  the  bronzes.  We  also  reproduce  the  X-ray  patterns  of  the  salt|  the  re¬ 
sult  a  of  X-ray  computations  are  given  in  Tables  15  and  l6. 

7.  Reduction  of  the  heptasubstituted  potassium  cis-s.t,  7K20°2Si0g°24W03° 
2I.8H2O.  The  chemical  composition  of  this  salt  is  given  in  Table  17» 

We  reproduce  the  X-ray  patterns  of  this  salt 5  the  reduction  results  are 
listed  in  Table  I8,  and  the  results  of  X-ray  computations  in  Table  19* 

Lastly,  we  reduced  a  sample  of  an  octasubstituted  salt;  its  analysis  is 
given  in  Table  20, 
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TABLE  10 


Computation  of  the  X-Ray  Pattern  of  the  Pentasubstituted 
Salt,  Reduced  at  600®  • 


f’or  Sin  ,  computed 
W  for  W 


Line  No. 

Density 

observed 

1 

Blurred 

0.0818 

2 

Blurred 

0.102 

3 

Very  strong 

0.121 

Strong 

0,l42 

5 

Medium 

0,152 

6 

Very  strong 

0.200 

7 

Very  strong 

0.239 

8 

1  Strong 

0.286 

9 

Strong 

0,298 

10 

Strong 

0.328 

11 

Very  strong 

0.359 

12 

Medium 

0.441 

13 

Medium 

0.472 

14 

Strong 

0.490 

15 

Strong 

0.588 

16 

Strong 

0,670 

17 

Blurred 

0.700 

18 

Blurred 

0.785 

19 

Strong 

0,740 

20 

Very  strong 

0.850 

21 

Blurred 

0.862 

22 

Strong 

0.880 

0.082 


0.0912 

Oil 

0.102 

on 

0.119 

0.201 

002 

0.204 

0.255 

002 

0.238 

0.294 

112 

0.306 

0.335 

- 

- 

0.566 

112 

0.356 

0.438 

- 

- 

022 

0.475 

0.580 

013 

0.594 

0.698 

— 

- 

222 

0.713 

0.738 

- 

- 

123 

0.832 

0.860 


TABLE  11 

Computation  of  the  X-Ray  Pattern  of  The  Pentasubstituted  Salt,  Reduced  at  7OO 


Line  No.  Density 


Sln"^^,, 

bbservdd 


b,  ^  Ij  for  Sin  O'  ,  computed 
dar d ‘  I  W  for  W 


0.101 

0.120 

0.144 

0.240 

0.290 

0.505 

0.529 

0.357 

0.476 

0.497 

0.512 

0.596 

0.678 

0.698 

0.714 

0.750 

0.852 

0.786 


0.294 

0.530 

0.360 


0.698 


TABLE  12 

Computation  of  the  X-Ray  Pattern  of  the  Pentasuhstituted  Salt,  Reduced  at  800"  * 


Line  No. 

Density 

Sin^  9-  , 
observed 

Sin^  ^ ,  computed 
for  the  standard 
potassium  bronze 

h,  ^  1  for 
W 

Sin^-S^  ,  computed 
for  W 

1 

Very  strong 

0.121 

— 

Oil 

0.119 

2 

Weak 

0.l8l 

0.182 

- 

- 

3 

Strong 

0.2k0 

002 

0.238 

k 

Medium 

0.291 

0.294 

- 

- 

5 

Very  strong 

0.359 

0.360 

112 

0.356 

6 

Very  weak 

0.387 

0.390 

- 

- 

7 

Very  weak 

0.kl3 

- 

!  022 

0.409 

8 

Strong 

0.470 

- 

022 

0.475 

9 

Weak 

0.513 

- 

013 

0,511 

10 

Very  strong 

0.588 

- 

013 

0.594 

11 

Medium 

0.670 

0.668 

- 

- 

12 

Medium- 

strong 

0.717 

222 

0,715 

13 

Weak 

0.744 

0.738 

- 

- 

14 

Very  strong 

0.838 

- 

125 

0.832 

15 

Medium 

0.865 

0.860 

— 

TABLE  15 


Chemical 
compound . 

Per  cent 
found 

Per  cent  recomputed  from 
the  anhydrous  salt 

Per  cent  computed  from  the 
formula  3K2O “ SiOp ” 12W0a 

WO3 

79.56 

88.12 

89.06 

KpO 

9.09 

9.7 

9.64 

SiOp 

1.89 

2.02 

1.92 

HpO 

9.57 

- 

— 

Cl’ 

— 

TABLE  l4 


Reductlori  of  Hexasuhstituted  Potassium  Cis-S.T. 


Test 

Reduction 

Chemical  analysis  | 

Microscopic 

observations 

No. 

tempera¬ 

ture 

Total 

IfeO 

^  KpO 

leached  out 

X-ray  analysis 

15 

400" 

9.70 

4.84 

Dark-gray  hetero¬ 
geneous  powder; 
crystals  of  the 
undecomposed 
salt  present 

14 

500 

\ 

9.70 

2.96 

Blue-violet  pow¬ 
der,  bronze  crys¬ 
tals  present. 

- 

13 

600 

9.70 

3.06 

Dark-brown  powder; 
violet  bronze  cryst, 
throughout  field 

Nearly  all  interfer¬ 
ence  lines  coincide 
with  lines  of  the 
bronze  standard 

16 

800 

9.70 

8.85 

Gray  powder  of 
metallic  tungsten 

Interference  lines  from 
timgsten  space  lattice 
and  weak  ref  lections 
from  the  bronzes 

Cu  EMssion.  Voltage:^ 

30  kv.  Current:  8  Ma.  Exposure:  6  hours. 

TABI£  15 


Computation  of  the  X-Ray  Pattern  of  the  Hexasubstituted  Salt,  Calcined  at  600“  * 


Line  No, 

Density 

Sin^-S"  observed 

Sln^^computed  for  a  standard 
potassium  bronze 

1 

Strong 

0.139 

— 

2 

Strong 

0.170 

- 

5 

Medium  strong 

0.196 

0.19? 

k 

Medi’Jim 

0.209 

0.212 

5 

Strong 

0.235 

0.234 

6 

Medium 

0.258 

0.253 

7 

Blurred 

0.283 

0.284 

8 

Medium 

0.355 

- 

9 

Strong 

0.388 

0.389 

10 

Strong 

0.425 

0.422 

11 

Strong 

0.566 

- 

12 

Weak 

0.756 

0.757 

15 

Strong 

0.776 

- 

14 

Strong 

0.808 

0.809 

15 

Strong 

0.865 

0.855 

TABLE  16 


Computation  of  the  X-Ray  Pattern  of  the  Hexasubstituted  Salt,  Calcined  at  8OO®  ** 


Line 

No. 

Density 

Sin'^'^  , 
observed 

Sin"^  S',  computed 
for  the  standard 
potassium  bronze 

h,  k,  1,  for 

W 

Sin^  0 ,  computed 
for  W 

1 

Very  strong 

0.121 

— 

011a 

0.119 

2 

Blurred 

0.163 

0.166 

- 

- 

3 

Slightly 

blurred 

0.190 

0.182 

- 

- 

4 

Ditto 

0.204 

0.201 

0023 

0.204 

5 

Strong 

0.240 

0.235 

002a 

0.238 

6 

Weak 

0.258 

- 

- 

7 

Medium 

0.295 

0.294 

- 

-  - 

8 

Very  strong 

0.560 

0.360 

112a 

0.356 

9 

Weak 

0.585 

0.390 

- 

10 

Weak 

0.413 

0.420 

0223 

0.409 

11 

Very  strong 

0.478 

*,  - 

022a 

0.475 

12 

Very  strong 

0.595 

- 

013a 

0.594 

13 

Medium 

0.669 

0.668 

- 

- 

l4 

Medium 

0.714 

- 

222a 

0.715 

15 

Very  strong 

0.828 

123a 

0,832 

TABLE  17 


Chemical 
compoiind_  _ 

Per  cent 
found 

Per  cent  recomputed  from 
the  anhydrous  salt 

Per  cent  computed  from  the 
formula  7K2O - 2Si02 “ 24W03 

WOa 

82,11 

87«77 

87.73 

K2O 

9«89 

10.30 

10.39 

Si02 

lo79 

1.91 

1.85 

H2O 

6.18 

- 

Cl> 

None 

- 

- 

*Ni  enission.  Voltage:  30  kv.  Current:  8  Ma.  Exposure:  6  hours. 
Cu  enission. 
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TABLE  l8 

Reduction  of  the  Octasubstituted  Potassium  Cis-S.T. 


Reduction 

Chemical  analysis 

tempera¬ 

ture 

Total 

1,  KsO 

^  KaO 

leached  out 

X-Ray  Analysis 

Microscope  observations 

500 

10.30 

5.51 

Low  line  density^  all 
lines  blurredj  com-- 
putation  impossible 

Homogeneous  grjiy-white 
powder 

,  6oo 

10.30 

Dark-gray  powder 5  violet 
bronze  crystals  are 
frequent 

700 

10.30 

94o6 

Tungsten  lattice  pre¬ 
dominates  5  five 
lines  coincide  with 
those  of  a  bronze 

Gray  powder 5  no  bronze 
seen 

800 

10.30 

—  - 

— 

Light  gray,  slightly 
caked  pieces 

TABLE  19 


Computation  of  the  X-Ray  Pattern  of  the  Heptasubstituted  Salt,  Reduced  at  700° 


Line 

No. 

Density 

Sin^  O', 
observed 

SinS  computed 
for  the  standard 
potassium  bronze 

k,  k,  1, 
for  W 

Sin^  t;  ,  computed  for 

W 

1 

Medium 

0.101 

— 

0113 

0.102 

2 

Very  strong 

0.120 

- 

011a 

0.119 

3 

Weak 

0.143 

- 

- 

- 

h 

Slightly 

blurred 

O0I97 

0.201 

0023 

0.204 

5 

Strong 

0.240 

0.235 

002a 

■  0.238 

6 

Weak 

0.292 

0.294 

- 

- 

7 

Weak 

0.329 

0.330 

- 

- 

8 

Very  strong 

0.357 

0.360 

112a 

0.356 

9 

Strong 

0.473 

- 

022a 

0.475 

10 

Medium 

0.495 

- 

- 

- 

11 

Very  strong 

0.597 

- 

013a 

0,594 

12 

Strong 

0.677 

- 

- 

- 

13 

Medium 

.  0.716 

- 

222a 

0.713 

Ik 

Medi'om 

0.748 

- 

- 

- 

15 

Very  strong 

0.828 

i 

123a 

0.832 

TABLE  20 


Chemical 

compound 

Per  cent 
found 

Per  cent  recomputed  from 
the  anhydrous  salt 

Per  cent  computed  from  the 
formula  4K0a“Si0a°12W03 

WO3 

79o55 

86.09 

86.46 

KaO 

10.93 

11,83 

11.74 

SiOa 

I082 

1.97 

1.86 

HaO 

7.60  ■ 

•  W 

- 

Cl» 

None 

““  1 
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X-R>y  6.  HexasubBtituted  potassiuB  sillcotungstate;  redaction  tea-  X-Ray  12.  Ootasubstltated  potasslua  Billeotongstate 

perature  dOO**.  peratara  8O0P, 


Table  21 

l?eductlon  of  Octasubstituted  Potassium  Cis~S.T. 


Reduction 

Chemical  analysis  | 

tempera¬ 

ture 

[Total 

K2O 

%  K2O 

leached  out 

X-Ray  analysis 

Microscope  observations 

500** 

11.83 

5.81 

Low  densityj  lines 
blurred 

Gray-white  heterogeneous 
powder 

600 

11.83 

6.36 

All  the  intense  re¬ 
flections  are  from 
the  potassium  bronze 
lattice;  very  weak; 
tungsten  lines  ' 

Brown-gray  powder;  violet 
bronze  crystals  scattered 
throughout  the  field 

TOO 

j 

11 083 

11,30 

Intense  reflections 
from  the  tungsten 
lattice  and  from  an 
iinknown  constituent 

Dark-gray  powder 

800 

11.83 

11.44 

Tungsten  lattice  pre¬ 
dominates;  negligible 
number  of  weak  lines, 
close  to  those  of  the 
bronzes 

Light  gray  cl inhered 
pieces  of  metal 

Figf  4.  Reduction  of  hexasub-  Fig.  5*  Reduction  of  ocatsubsti- 

stituted  potassium  silicotungs-  tuted  potassium  silicotungstate. 

tate. 


8.  Reduction  of  octasubstituted  potassium  cis-s.t,  4KgO°SiO^°12WQa°l4HgO. 

The  results  of  the  reduction  of  this  salt  are  given  in  Table  21  and  Fig.  5^ 
vhere  the  instant  at  which  a  bronze  decomposes  is  indicated  by  an  abrupt  change 
in  the  slope  of  the  curve.  We  reproduce  the  X-ray  patterns  of 'this  salt,  while 
Tables  22,  23,  and  2k  give:  the  computation’s  of  the  X-ray  patterns  of  the  octa¬ 
substituted  salt. 
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TABLE  22 


Computation  of  the  X-ray  Pattern  of  the  Octasubstituted  Salt,  Reduced  at  600° 


Line 

No. 

Density 

Sln^  S  , 
observed 

Sin^  computed 
for  the  standard 
potassium  bronze 

h,  1 

for  W 

Sin^B  ,  computed  for 

W 

1 

Strong 

0.675 

0.0688 

'2 

Medium 

0,0820 

0.0825 

- 

- 

3 

Strong 

0.0961 

0.0912 

0113 

0.102 

k 

Very  strong 

0.114 

- 

011a 

0.118 

5 

Strong 

0.i43 

— 

— 

- 

6 

Medium- 

strong 

0ol64 

0.166 

- 

- 

T 

Strong 

0.199 

0.201 

0023 

0.204 

8 

Strong 

0.239 

0.255 

002a 

0.238 

9 

IrJeak 

0.261 

- 

- 

- 

10 

Weak 

0.287 

0.294 

- 

- 

11 

Weak 

0.310 

- 

1123 

0.306 

12 

Very  strong 

0.329 

0.332 

-* 

- 

13 

Medium 

0.350 

- 

112a 

0.356 

Ik 

Strong 

0.485 

- 

022a 

0.475 

15. 

Medium 

0.495 

- 

— 

— 

16 

Very  strong 

0,672 

0.668 

- 

- 

17 

Strong 

0,699 

0,698 

- 

— 

18 

Very  strong 

0.442 

0.738 

— 

19 

Very  strong 

0.835 

- 

125a 

0.832 

20 

Medium 

0.860 

0.860 

- 

21 

Very  strong 

0.885 

— 

- 

— 

*Cu  enissiCMi. 


CONCLUSIONS 

A  study  of  the  reduction  of  potassium  s.t.  indicates  that  the  mono-, 
di-,  and  trisubstituted  salts  retain  a  substantial  amount  (up  to  I7.6  molecules) 
of  combined  water  at  300°,  the  salts  beginning  to  decompose  only  at  400° . 

Beginning  with  the  tetrasubstituted  potassium  s.t.,  one  of  the  reduction 
products  is  a  violet  potassium  bronze.  The  bronzes  appear  in  all  the  potassium 
sllicotungstates  tested  at  500°  5  the  X-ray  patterns  secured  for  some  of  thes.  t. 
reduced  at  500°  are  unclear,  however,  most  of  the  lines  being  blurry,  which  in¬ 
dicates  an  irregular  arrangement  of  the  atoms  in  the  crystal  lattice,  i.e.,  a 
rearrangement  of  the  latter. 

The  densest  lines  characteristic  of  the  potassium  bronze  standard  are 
found  in  the  potassium  s.t.  reduced  at  600°,  the  number  of  such  lines  increasing 
with  a  rising  percentage  of  potassium  in  the  s.t.,  reaching  a  maximum  in  the 
octasubstituted  salt.  At  700°,  all  the  s.t.  salts  clearly  display  the  lines  of 
metallic  tungsten  alongside  those  of  the  bronzes,  the  tungsten  lines  being  much 
denser. 

At  800°,  the  tungsten  lines  predominate  in  all  the  tested  s.t.  salts, the 
bronze  lines  being  very  weak.  The  formation  of  bronzes,  which  we  were  the  first 
to  observe  in  the  reduction  of  s.t.  salts,  is  of  extremely  great  significance 
in  resolving  the  problem  of  the  structure  of  the  inner  sphere  of  heteropoly 
acids.  ' 
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TABLE  25 


Computation  of  the  X-Ray  Pattern  of  the  Octasubstituted  Salt,  Reduced  at  7OO*  * 


Line 

No. 

Density 

Sln^  ^ , 
observed 

h,  k',  1 

Sln^  ^ ,  computed 
for  W 

Remarks 

1 

Blurred 

0.100 

011^ 

0.102 

2 

Very  strong 

0.120 

011a 

0.119 

5 

Medium 

0.1^3 

- 

- 

k 

Weak 

0.163 

- 

- 

5 

Blurred 

0.202 

002^ 

0.201+ 

6 

Medium-. 

strong 

0.239 

002a 

0.238 

7 

8 

Weak 

Medium- 

0.309 

^0.352 

0.360 

0.576 

0.1+79 

0.1+96 

1123 

0.3069 

No  reflections 

9 

10 

11 

12 

strong 

Very  strong 
Very  weak 
Medium 
Medium 

112a 

022a 

0.356 

0.475 

corresponding  to 
those  of  the 
potassium  bronze 
standard 

15 

Weak 

0.508 

015P 

0.512 

Ik 

Very  strong 

0.597 

013a 

0.594 

15 

Strong 

0.678 

- 

- 

16 

Blurred 

0.700 

- 

— 

17 

Medium 

0.713 

122a 

0.713 

18 

Medium 

0.750, 

- 

- 

19 

Very  strong 

0.85^^ 

125a 

0.832 

20 

Strong 

0.885 

TABLE  2k 


Computation  of  the  X-Ray  Pattern  of  the  Octasubstituted  Salt,  Reduced  at  8OO®  * 


Line 

No. 

Density 

Sln^-Q^, 

observed 

Sin^!&,  computed 
for  the  standard 
potassium  bronze 

h,  k,  1, 

for  W 

Sin^5  ,  computed  for 

W 

1 

Medium 

0.1015 

- 

0113 

0.1023 

2 

Very  strong 

0.123 

- 

011a 

0.119 

3 

Strong 

0.238 

— 

002a 

0.238 

4 

Medium 

0.295 

0.294 

- 

5 

Very  strong 

0.358 

0.360 

112a 

0.356 

6 

Strong 

0.480 

022a 

0.475 

7 

Very  strong 

0.592 

- 

013a 

0.594 

8 

Medium 

O'.  672 

0.668 

- 

- 

9  ■ 

Medium 

0.710 

- 

222a 

0.713 

10 

Very  strong 

0.832 

- 

123a 

0.832 

11 

Medium 

0.860 

'  0.810 

-• 

— 

Tungsten  bronzes  are  also  produced  during  the  reduction  of  potassium  para- 
tiingstatesj  it  is  therefore  highly  likely  that  WO3  radicals  are  coordinated 
about  the  oxygen  atoms  in  the  inner  sphere  of  heteropoly  acids  (Pfeiffer);  hence, 
the  paratungstates  and  the  fully  saturated  heteropolytungstates  have  the  same 
structure  in  their  inner  spheres  and  thus  yield  the  same  reduction  products  - 
tungsten  bronzes. 

^Ca  emission. 
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SUMMARY 


lo  The  reduction  of  cis-silicotungstic  acid  and  of  its  eight  potassium 
salts  with  hydrogen  has  been  investigated  for  the  first  time. 

2,  The  mono-,  di-,  and  trisubstituted  salts  are  dehydrated  at  first  and 
then  reduced  to  metallic  tungsten. 

5.  It  has  been  found  that  at  ^00° ,  beginning  with  the  tetrasubstituted 
potassium  cis-s.t.,  one  of  the  reduction  products  is  a  violet  potassium  bronze 

4.  The  reduction  products  of  potassium  s.t.  were  investigated  by  X-ray 
analysis,  microscopically,  and  analytically. 

5.  The  reduction  of  cis-silicotungstic  acid  and  its  salts  sets  in  at  500“ 
constitutional  water  is  lost  and  the  heteropoly  anion  is  broken  down  between 
200  and  500“. 

6.  The  optimum  temperature  for  the  formation  of  bronzes  is  600“j  at  700“ 
the  bronze  lines  are  not  as  dense,  while  the  tungsten  lines  are  clearly  marked 
and  at  8OO*  the  tungsten  lines  predominate. 

7e  In  the  inner  spheres  of  fully  saturated  heteropoly  acids  the  central 
atom  is  apparently  coordinated  to  six  atoms  of  oxygen,  which,  in  turn,  are 
surrounded  by  twelve  WO3  (or  M0O3)  radicals. 

LITERATURE  CITED 

[1]  Miolati,  J.prakt .Chem. ,  (2),  21^  ^10  (I908). 

[2]  Rosenheim,  Z.  algem.  anorg.  Chem.,  100,  525  (1917)* 

[5]  Pfeiffer,  Z.  allgem.  anorg.  Chem.,  IO5 ,  26  (1919)* 

[4]  Keggin,  Proc.  Royal  Soc.-,  A,  l44 ,  75  (l954) . 

[5]  E. A. Nikitina  and  A.S.Kokurina,  J. Gen. Chem.  I38O  (1950)* 

[6]  Gmelin-Kraut,  Wolfram,  p.  26-27  (1935) • 

[7]  Marignac,  Ann.  chim.  et  phys.,  (4)  7  (l864).., 

[8]  Rosenheim,  Z.  allgem.  anorg.  Chem.,  XLf  (1912). 

[9]  Copeau,  Ann.  chim.  et.  phys.  (8)  25  (1912). 

[10]  Rosenheim,  Z.  allgem.  anorg.  Chem.,  101,  210  (1917)5  22^  7^  (l91l)» 

[11]  Koppelman,  Metals  Technology,  1^,  7  (1946). 


Received  May  25,  1949 

- ■“ 

See  CB  translation  p.  1437  ff. 


Laboratory  of  the  Moscow  Electric  Lamp 
Factory 


1304 


DIAGRAMS  FOR  DETERMINING' THE  EPFICIBKCT  OP  RECTIFYING  COLUMNS 
BY  MEANS  OF  THE  BENZENE  “  CARBON  TETRACHLORIDE  SYSTEM.  II 


I.  N.  Bushmakln 


In  searching  the  literature  on  the  methods  of  determining  the  efficiency 
of  columns  (the  number  of  steps),  one  is  struck  by  the  fact  that  most  authors 
make  no  special  effort  to  secure  precise  information  on  efficiency.  This  may 
be  due  to  the  fact  that  efficiency  is  not  regarded  as  an  absolute  quantity  at 
the  present  times  it  is  believed  that  it  depends  on  the  concentration  of  the 
solution  distilled,  the  nature  of  the  solution's  constituents,  and  the  boiling 
rate  (reflux  return) ,  besides  being  able  to  fluctuate  widely  as  the  result  of 
channeling  even  when  all  the  foregoing  factors  are  held  constant.  That  is  why  . 
efficiency  is  regarded  as  a  conventional  quantity,  its  ntimerical  value  being  an 
approximate  figure  and  serving  for  comparative  evaluation  of  the  separating 
action  of  columns. 

The  number  of  steps  is  determined  either  by  operating  the  column  in  a 
closed  cycle  (with  100^  recycling  of  the  reflux)  or  by  operation  in  which  part 
of  the  reflux'ls  tapped  off.  In  our  research  we  were  Interested  in  the  precise 
determination  of  efficiency  during  complete  refliix  return,  so  that  in  this 
paper  we  shall  not  deal  with  the  second  method  of  determining  efficiency. 

The  literature  contains  very  many  proposed  binary  systems  for  the  determ¬ 
ination  of  column  efficiency.  Very  often  authors  propose  a  new  system  without 
indicating  in  what  way  it  is  superior  to  previous  ones.  Apparently,  what  is  in¬ 
volved  is  the  ability  of  a  laboratory  to  secure  pure  liquids  for  preparing  the 
binary  solution.  That  may  be  the  case  with  systems  that  can  be  used  to  determine 
a  comparatively  small  number  of  steps. 

There  are  not  many  systems  known  for  determining  the  number  of  steps  of 
high  efficiency  columns.  For  a  long  time  the  methylcyclohexane-n-heptane  sys¬ 
tem,  proposed  by  Fenske  [i],  was  used.  Recently  Willingham  and  Rossini  [2]  have 
suggested  the  following  systems  for  this  purpose:  2,3,5-trimethylpentane“2,3,^- 
trlmethylpentane  and  2,4-dimethylhexane-2,5-dimethylhexane. 

The  number  of  steps  is  determined  as  follows:  One  of  the  proposed  solu¬ 
tions  is  poured  into  the  still.  The  tower  is  operated  on  a  closed  cycle  until 
equilibrium  is  reached.  Samples  of  liquid  are  taken  from  the  still  and  from  the 
condenser,  and  their  compositions  determined  (usually  refractometrically) ,  after 
which  the  number  of  steps  is  computed.  There  are  several  methods  of  computing 
the  number  of  steps. 

1.  Graphical  method.  To  begin  with,  the  data  on  the  liquid-vapor  equilib¬ 
ria  in  the  given  system  are  used  to  plot  an  x,^  diagram.  Steps  are  laid  off  on 
this  diagram  and  numbered,  starting  with  some  low  concentration  of  the  more  vola¬ 
tile  constituent  and  going  up  to  some  higher  concentration.  The  concentration 
of  the  reflux  in  the  condenser  is  determined,  and  the  number  of  the  corresponding 
step  is  found  in  the  diagram  (this  may  be  a  fractional  number,  say,  ^0.6);  this 
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operation  is  repeated,  for  the  composition  of  the  solution  in  the  still.  Sub¬ 
tracting  the  second  number  from  the  first,  we  get  the  total  number  of  steps  (the 
number  of  theoretical  plates  +  the  still-column  transition) . 

This  method  is  simple  and  convenient.  It  can  be  used  only  for  the  determ- 
ir^ation  of  the  number  of  steps  in  low-efficiency  columns,  however.  At  high  con¬ 
centrations  of  the  more  volatile  constituent,  the  curve  representing  the  composi¬ 
tion  of  the  vapor  in  the  x,y  diagram  is  close  to  the  diagonal  that  gives  the  com¬ 
position  of  the  liquid,  and  the  steps  become  small.  No  matter  how  carefully  they 
are  plotted,  an  error  is  introduced;  this  error  grows  as  the  steps  grow  smaller 
and  becomes  additive.  That  is  why  this  method  may  be  used  only  to  determine  a 
number  of  steps  that  does  not  exceed  a  certain  value.  The  maximum  number  of 
steps  depends,  of  coixrse,  on  the  course  of  the  curve  representing  the  vapor  com¬ 
position,  that  is,  on  the  system  chosen. 

There  are  various  modifications  of  this  method,  but  all  of  them  can  be  used 
only  to  determine  a  small  number  of  steps. 

2.  Analytical  method.  After  equilibrium  has  been  established  in  the  column, 
the  following  equation  relates  the  composition  of  the  reflux  in  the  condenser -to 
that  of  the  solution  in  the  still; 


—ZS _ 

100  -  yn 


=  ai  “  a2  “  as 


Xi 

100  —  xi 


(1) 


where  yn  is  the  molar  percentage  of  the  more  volatile  constituent  in  the  condenser 
reflux;  Xi  is  the  molar  percentage  of  the  more  volatile  constituent  in  the  still; 
tti  is  the  relative  volatility  in  the  transition  from  the  liquid  in  the  still  to 
the  vapor  above  it;  a2  is  the  relative  volatility  in  the  transition  from  the  first 
theoretical  plate  to  the  vapor  above  it,  etc.;  and  n  is  the  number  of  evapora¬ 
tions  in  the  column  (the  number  of  steps) .  a  varies  with  the  composition.  Its 
variation  is  so  slight  for  systems  that  approach  an  ideal  solution  that  it  may 
be  assumed  to  be  a  constant.  Then  Equation  (l)  becomes; 

-  _  —  .  (2) 

100  -  y^^  100  -  xi  ^  ^ 

0  ^ 

One  of  the  systems  with  an  a  that  changes  but  little  is  methylcyclohexane-n-hep- 
tane.  According  to  Willingham  and  Rossini  [2],  the  a  for  this  system  ranges 
from  1.0758^  to  1.07380  at  concentrations  that  approach  O'jt  and  100^  of  n-heptane, 
respectively.  Fenske  [1]  assumed  the  a  to  be  constant,  1.07,  for  this  sytem; 
Willingham  and  Rossini  propose  that  the  value  of  a  be  taken  as  the  midpoint  of 
the  xi  -  yn  section  of  the  curve.  As  will  be  shown  below,  the  computation  based 
on  Fenske' s  assumption  does  not  yield  accurate  results,  while  the  Willingham 
and  Rossini  computation  is  quite  accurate.  This  system  may  be  employed  to  de¬ 
termine  the  efficiency  of  columns  with  somewhat  more  than  100  steps. 

The  disadvantages  of  this  system  are  the  unavailability  of  the  constitu¬ 
ents  and  the  difficulty  of  accurately  determining  the  concentration  at  low  and 
high  percentages  of  n-heptane  in  the  solution  (Tongberg  [3]). 

The  systenB  suggested  by  Willingham  and  Rossini  [2]  wore  mentioned  above. 

In  these  systems,  a  varies  even  less  with  composition.  These  systems  can  be  used 
to  determine  the  efficiency  of  columns  with  more  than  200  steps.  (The  authors 
do  not  state  the  upper  efficiency  limit  up  to  which  these  systems  may  be  employed) . 
The  efficiency  may  be  determined,  apparently,  with  great  accuracy. 

The  disadvantages  of  these  systems  is  the  fact  that  their  constituents  are 
even  harder  to  obtain  than  those  in  the  methylcyclohexane  —  n-heptane  system,  and 
the  difficulty  of  analysis.  The  latter  is  done  by  meansof  infrared  spectrometers. 


1306 


I 


1 

3.  The  combined  method  (a^lytlc.a.1  plus  graphical).  When  a  varies  appreci¬ 
able  with  concentration^  Bragg  [4!  computes  the  number  of  steps  as  follows.  He 
divides  a  large  concentration  range  into  ♦small*  Intervals,  finds  the  value  of 
a  (a  is  the  concentration  of  the 'volatile  in  the  liquid)  for  the  midpoints  of 
these  Intervals,  calculates  the  number  of  steps  for  each  interval  from  Equation 
(2),  using  the  average  a  for  the  intervals,  totals  the  number  of  steps,  and  •  I 

plots  a  diagram  (the  number  of  steps  versus  the  refractive  index  of  the  liquid) . 

This  diagrams  looks  like  Fig.  1.  He  considers  the  fact  that  the  calculated  num¬ 
ber  of  steps  lie  on  the  curve  to  be  an  index  of  the  correctness  of  the  compute-  %, 

tion.  ^ 


Fig.  1.  Fig.  2. 


That  is  how  Bragg  plotted  a  diagram  for  the  dichloroethane  ~  benzene  sys¬ 
tem,  The  calculation  of  steps  in  that  diagram  is  hardly  accurate.  To  beg-’n  with, 
the  course  of  the  a- concentration  curve  is  a  matter  of  doubt,  owing  to  the  great 
scattering  of  the  experimental  points.  Then,  the  method  of  computatiori  based  on 
*  small*  Intervals  may  also  be  inaccurate,  for  reasons  that  will  be  set  forth  be- 
Icrw, 


In  our  laboratory  we  made  a  very  careful  study  of  the  liquid-vapor  equilib^, 
in  the  benzene  -  carbon  tetrachloride  system,  covering  the  range  of  5-99*5 
molar  per  cent  of  CCI4  [s].  The  constituents  of  this  system  are  in  adequate 
supply.  They  can  be  readily  purified,  and  the  concentration  can  be  determined 
refractometrically  with  high  accuracy.  This  system  is  ordinarily  employed  to 
determine  the  number  of  steps  in  low-efficiency  columns  (less  than  5O  steps), 
the  computation  being  made  graphically  (Method  I) . 

We  decided  to  employ  this  system  to  determine  the  number  of  steps  of  high- 
efficiency  columns.  As  computation  and  an  experimental  check  both  proved,  this 
system  can  be  employed  to  measure  the  efficiency  of  columns  with  as  many  as  ^00 
steps.’ 


In  the  benzene -carbon  tetrachloride  system,  a  varies  with  concentration  in 
conformity  with  the  equation  a  =  1,203  -  0,00203  x^  where  x  is  the  molar  ^  of 
CCI4  in  the  liquid.  When  a  varies,  the  number  of  steps  should  be  computed  as 
follows.  Assigning  the  molar  ^  of  CCI4  in  the  liquid  (xi)  and  knowing  the  cor¬ 
responding  value  of  ai,  we  calculate  the  molar  ^  of  CCI4  in  the  vapor  (yi)  from 
the  equation; 


■Yi 

100  -  yi 


ai 


X.L 


100  —  xi 


(3) 


This  value  of  yi  is  the  molar  ^  of  CCI4  in  the  vapor  above  the  liquid  in 
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the  still  and  X2  is  the  molar  ^  of  CCI4  in  the  first  step.  Knowing  X2  and  the 
corresponding  value  of  we  compute  y2^  etc.,  until  we  reach  the  concentration 
of  CCI4  in  the  condenser  reflux.  The  sum  of  the  changes  in  concentration  xi-  yi, 
X2  ~  l2.i  etc.,  computed  in  this  manner  is  obviously  the  number  of  steps.  The 
results  of  this  computation  may  be  plotted  in  a  diagram  (number  of  steps  versus 
concentration),  after  which  this  diagram  may  be  used  to  determine  the  number  of 
steps. 

In  the  form  described  above  this  calculation  is  too  laborious.  It  may  be 
replaced  by  an  approximate  calculation  resembling  the  one  used  by  Bragg.  The 
concentration  range  is  divided  into  small  intervals  and  the  number  of  steps,  n, 
is  calculated  for  each  Interval  from  Equation  (2),  assuming  that  a  does  not 
change  throughout  the  interval  and  equals  the  value  it  has  at  the  midpoint  of 
the  interval . 

The  correctness  of  such  a  calculation  depends  upon  the  choice  of  size  of 
the  concentration  intervals.  Equation  (2)  is  an  approximation  when  a  varies, 
and  is  incorrect  for  large  Intervals.  As  the  interval  is  shortened,  the  error 
in  the  calculation  of  n  (both  absolute  and  relative)  diminishes,  finally  becoming 
so  small  as  to  be  negligible.  The  size  of  these  intervals  depends  on  the  nature 
of  the  system’s  constituents  and  the  concentration  range  in  which  the  intervals 
fall,  being  determined  by  trial  and  error.  An  interval  is  selected,  and  n  is 
calculated  for  this  interval 5  then  the  Interval  is  divided  in  two,  and  the  cor¬ 
responding  values  of  n  are  computed  for  each  half.  If  the  sum  of  the  latter 
differs  from  the  n  for  the  large  interval  by  an  amount  that  cannot  be  Ignored, 
the  interval  selected  is  excessively  large.  A  smaller  interval  is  chosen,  and 
the  same  calculation  is  repeated.  Examples  of  such  calculations  are  given  in 
Table  1. 

TABLE  1 


Examples  of  Selecting  the  Size  of  the  Concentration  Intervals 


Concentration  interval 

Number  of 

Concentration  interval 

Number  of 

steps,  n 

steps  n 

2  n 

70-80  molar  ^  CCI4  ... 

10.84 

GO 

d 

— 1 

92-96  molar  ^  CCI4  ... 

,61.7 

61.7 

70-75  molar  ^  CCI4  ... 

4.62 

11.02 

92-94  molar  ^  CCI4  . . . 

22.2 

] 

65.1 

75-80  molar  ^  CCI4  • « . 

6.40 

J 

94-96  molar  ^  CCI4  . . . 

42.9 

/ 

70-72.5  molar  ^  CCI4.. 

2,19 

1 

92-93  molar  ^  CCI4  ... 

9.7 

72. 5-75 "0  molar  ^  CCI4 

2.49 

►11.10 

93-94  molar  ^  CCI4  . . . 

12.8 

75  •  0-77  0  5  molar  jh  CCI4 

2.94 

94-94,5 -molar  ^  PCI4.., 

7.9 

^65.9 

77 '>5-80.0  molar  jh  CCI4 

3.48 

94. 5 -95. P  molar  ^  CCI4 

9.5 

95. 0-95. 5  molar  ^  CCI4 

11.6 

95.5-96.0  molar  ^  CCI4 

14.4 

> 

These  figures  indicate  that  the  interval  J0-80%  is  too  big,  but  that  the 
70-75^  and  Y^-dO%  intervals  are  acceptable,  and  the  72.5-75.0^,  etc., 

intervals  are  even  more  acceptable,  Likewise,  the  92-96^  interval  is  too  wide, 
but  the  92-9^^  and  9^-96^  intervals  are  almost  acceptable,  and  the  92-95^>  etc.. 
Intervals  are  wholly  acceptable. 

The  paper  by  Bragg  [4]  contains  no  Indication  of  how  the  sizes  of  the  con¬ 
centration  intervals  was  selected.  It  is  merely  stated  that  the  intervals  were 
small.  Table  1  Indicates  that  the  size  of  "small"  intervals  depends  upon  the 
concentration  range  in  which  they  fallj  for  that  reason  the  correctness  of  Bragg’s 
calculation  is  open  to  doubt.  I  divided  the  concentration  range  of  5  to  99  molar  ^ 
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of  CCI4  into  intervals  by  the  method  given  above  and  computed  the  number  of  steps  ' 
accordingly. 

The  results  of  the  computation  are  given  in  Table  2.  We  were  able  to  plot 
5  diagrams  (number  of  steps  versus  concentration)  like  Figs.  1  and  2  from  the 
data  in  this  table. 

TABLE  2 


Data  for  Plotting  Number  of  Steps  -  Concentration  Diagrams  • 


Concentra- 

Concentra- 

— 

Concentra- 

Concentra- 

tion  of  CCI4 

Number 

.tion  of  CCI4 

Number 

tion  of  CCI4 

Number 

tion  of  CCI4 

Number 

in  the  con- 

of 

in  the  con- 

of 

in  the  con- 

of 

in  the  con- 

of 

denser  re- 

steps 

denser  re- 

steps 

denser  re- 

steps 

denser  re- 

steps 

flux,  molar 

flux,  molar 

flux,  molar 

flux,  molar 

_ 

_  . 

_ _ 

Diagram  I 

Diagram  III 

3.0 

0.0 

75.0 

39.4 

97.07 

200 

97.80 

257 

5o0 

2.9 

77.5 

42.3 

i  97.25 

211 

97.90 

269 

7.5 

5«4 

80.0 

45.8 

1  97.35 

218 

98.00 

281 

10.0 

7.3 

82,0 

49.2 

i  97.50 

230 

98.05 

287 

15  oO 

10.1 

84.0 

53.3 

9?. 60 

238 

98.10 

294 

20.0 

12.3 

85.0 

55.6 

97.70 

247 

98.11* 

300 

25.0 

35«0 

i4.3 

18.0 

87.0 

89.0 

61 .4' 

69.1 

1  i 

1 

i 

Diagram  TV 

50.0 

23.6 

90.0 

74.2 

98.14 

300 

98.40 

344 

60.0 

28.2 

9I0O 

80.3' 

98.20 

309 

98.45 

554 

65.0 

31.1 

92.0 

87.8 

,  98.25 

317 

98.50 

365  . 

70.0 

34.7 

93o0 

97.6 

98.30 

325 

98.55 

376 

72.5 

36.9 

93o2 

100.0 

98.35 

334 

98.60 

98.64 

389 

400 

Diagram  II 

93.20 

100 

96,50 

172 

Diagram  V 

94.00 

110 

96,60 

176 

94.50 

118 

96.70 

180 

^  98.64 

400 

98.900 

485 

95«00 

127 

96.80 

185 

'  98.70 

4l6 

98.925 

-496 

95o50 

139 

96.90  ' 

190 

i  98,75 

431 

98.950 

507 

96.00 

153 

97.00 

196 

1  98,80 

448 

98.975 

519 

96.25 

162 

97.07 

200 

!  98.85 

466 

99.000 

531 

To  calculate  the  number  of  steps  from  these  diagrams,  one  has  to  determine 
the  CCI4  concentration  in  the  liquid  in  the  still  and  in  the  condenser,  find 
the  corresponding  numbers  of  steps  in  the  diagrams,  and  subtract  the  number  of 
steps  corresponding  to  the  concentration  in  the  still  liquid  from  the  number  of 
steps  corresponding  to  the  concentration  in  the  reflux. 

I  The  concentration  of  CCI4  in  the  still  and  condenser  liquids  may  be  determ¬ 
ined  with  an  Abbe  refractometer  for  efficiencies  up  to  80  steps. 

'  The  data  for  plotting  the  diagram  (refractive  index  versus  concentration) 
are  listed  in  Table  3- 

Measuring  efficiencies  above  80  steps  requires  the  use  of  a  Pulfrich  photo¬ 
meter  or  another  make  of  equal  accuracy  of  readings.  For  the  concentrations  of 
90  to  99^  CCI4  we  used  a  diagram  (Pulfric  photometer  drum  readings  versus  concen¬ 
tration)  .  That  is  why  I  have  plotted  on  the  diagrams  the  number  of  steps  versus 

*  Concentration  of  ccLi  in  the. stilL.  3. molar_3i.^ 
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concentration,  rather  than  the  refractive  index. 

On  the  basis  of  the  numerical  data  in  my  possession  underlying  the  data  in 
Table  2,  I  estimate  the  error  in  computing  that  table  to  be  less  than  1^.  Errors 
in  determining  concentrations  may  introduce  much  greater  errors. 

Table  4,  which  was  computed  from  Table  2,  gives  the  errors  in  the  number  of 
steps  due  to  errors  in  determining  the  concentrations. 

TABLE  3  TABLE  4 


Variation  of  the  Refractive  Index  of 
Benzene  -  Carbon  Tetrachloride  Solu¬ 
tions  with  Concentration 


Errors  in  the  Number  of  Steps  due  to 
Errors  in  Determining  the  Concentration 
Using  Abbe  and  Pulfrich  Photometers 


CCI4  con- 

4° 

CCI4  con- 

"r 

centration^ 
molar  ^ 

centration 
molar  ^ 

0 

1.5011 

50 

1.4808 

3 

1. 1*999 

55 

1.4787 

5 

1.4991 

60 

1.4767 

10 

1.4971 

65 

1.4747 

15 

1.4950 

70 

1.4727 

20 

1.4930 

?5 

1.4706 

25 

1.4910 

80 

1.4685 

30 

1.4889 

85 

1.4665 

35 

1.4869 

90 

1,4644 

40 

1.4849 

95 

1.4623 

45 

1.4828 

100 

1.4603 

(CCI4  concentration  in  the  still  liquid; 
3  molar 


Abbe  refractometer, 
error  +  0.25  molar 

_ _ 

Pulfrich  refracto¬ 
meter,  error  +  O.O25 
molar  ^ 

Number 

of 

. steps 

Error 

Number 

of 

steps 

Error 

0 

+  015  steps 

100 

+  0.3  steps 

10 

+  0.1  i 

150 

+  0.7 

25 

+  0.1 

200 

+  1.5 

50 

+  0.5 

250 

±  2.5 

75 

+  1.4 

300 

+  4.0 

100 

+  3.2 

350 

400 

450 

500 

+  5.0 
+  7.0 
i+  9.0 

1  +11.0 

,  Upon  examination  of  the  last  en-. 
tries  in  Table  2,  doubt  may  arise  as 
to  the  possibility  of  establishing  c  _ 
equilibrium  in  a  column  with  an  accuracy 
of  hundredths  of  a  per  cent  in  the  concentration  of  the  condenser  liquid,  i.e., 
doubts  concerning  the  feasibility  of  measuring  efficiencies  in  excess  of  25O 
steps.'  To  settle  this  question,  I  took  a  100-step  column  andmeasured  its  effi¬ 
ciency  when  operating  with  solutions  corresponding  to  those  in  Diagrams  II,  III 


IV,  and  V. 


The  results  of  these  measurements  are  listed  in  Table  5* 


Table  5  indicates  that:  l)  the  determination  of  the  liquid-vapor  equilibria 
were  made  correctlyj  2)  the  computation  of  Table  2  was  correct;  3)  determination 
of  efficiency  up  to  5OO  steps  is  quite  feasible. 

We  now  employ  the  method  used  to  draw  up  Table  5  to  check  the  correctness  of 
data  on  liquid-vapor  equilibria.  In  our  previous  paper  [5]  we  set  forth  a  method 
of  checking  these  data  in  the  a  concentration  diagram.  Whenever  some  portion 
of  the  a  -  concentration  diagram  inspires  doubt,  we  check  it  in  the  column,  the 
check  being  made  as  follows.  The  number  of  steps  is  calculated  for  the  interval 
to  be  checked  (as  in  the  computation  of  Table  2) ,  a  similar  calculation  being  made 
for  a  completely  dependable  interval.  Then  the  efficiency  of  the  column  is  de¬ 
termined  with  solutions  corresponding  to  these  intervals.  If  the  efficiencies 
coincide,  the  doubtful  interval  is  correct. 

A  check  of  this  sort  may  reveal  a  systematic  error  in  the  determinations  of 
the  liquid-vapor  equilibria  that  is  not  always  disclosed  by  a  check  of  the  a  - 
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a concentration  diagram  or  a  check  of  the  Duhem-Mar gules  equation.  A  recurring 
error  in  determining  the  liquid-vapor  equilibria  yields  different  errors  in  com¬ 
puting  the  number  of  steps  at  different  concentration  intervals. 

TABLE  5 


Experimental  Check  of  the  Correctness  of  the  Figures  in  Table  2 


Molar  ^  of  CCI4  in  the 
still  liquid 

Molar'  ^  of  CCI4  in  the 
condenser  reflux 

Niimber  of  steps 

Remarks 

7.0,  equivalent  to  5 
(+0.2)^  steps  ac¬ 
cording  to  Table  2 

95.61,  equivalent  to 

105  (+0.5)  *steps  ac¬ 
cording  to  Table  2 

100  (+0.5)  •• 

Mean  of  several 
measurements 

93.^6,  105  +(0.5) 

steps 

97.06,  200  (+1.5) 

steps 

97  (±2) 

One  measure¬ 
ment 

97.06,  200  (+1.5) 

steps 

98,16,  505  (±^) 

steps 

105  (+6) 

One  measure¬ 
ment 

98.12,  297  (+i^.o) 

steps 

98.6i+,  1+00  (+7.0) 

steps 

105  (+11) 

One  measure¬ 
ment 

98.62,  59^  (±7.0) 

steps 

98.9^,  501  (+11) 

steps 

107  (+18) 

One  measure¬ 
ment 

Experiments  in  our  laboratory  have  shown  that  accurate  efficiency  data  can 
be  secured  up  to  80steps  by  using  benzene  and  carbon  tetrachloride  that  are  not 
highly  pure. 

The  n^°  of  the  benzene  may  be  1. 5009-1  *5011#  that  of  the  carbon  tetra¬ 

chloride  1.^4-605-1  o460k.  The  solution  made  up  of  these  not  too  pure  constituents 
is  freed  of  the  more  highly  volatile  impurities  in  the  efficiency  determination 
itself,  during  the  establishment  of  equilibrium  in  the  column.**  The  column  is 
operated  in  a  closed  cycle  for  the  length  of  time  required  to ’establish  equilib¬ 
rium  (this  requires  about  ^4-  hours  at  an  efficiency  of  80  steps).  Then  some  of 
the  reflux  is  taken  from  the  condenser  (about  1  ml  for  a  reflux  rate  of  200  drops 
per  minute),  and  its  refractive  index  is  measured.  These  samples  -  "discards*  - 
are  taken  every  50  minutes.  At  first  the  refractive  indexes  of  the  discards  vary 
substantially,  since  they  contain  diminishing  percentages  of  the  more  volatile 
impurities.  After  these  Impurities  have  been  eliminated,  the  refractive  Indexes 
of  the.  discards  begin  to  approach  one  another.  The  column  is  then  allowed  to 
operate  for  another  hour,  until  complete  equilibrium  is  reached,  and  samples  are 
taken.  The  samples  are  much  smaller  than  the  discards.  They  must  be  small  to 
keep  them  from  atsturbing  the  equilibrium  in  the  column.  The  sample  must  be  a 
quantity  of  liquid  that  is  slightly  in  excess  of  the  amount  needed  for  a  single 
measurement  of  the  refractive  index  in  an  Abbe  refractometer .  These  samples 

are  likewise  taken  every  50  minutes.*  After  the  refractive  indexes  of  a  series 
of  successive  samples  are  exactly  alike,  a  sample  is  taken  from  the  still.  This 
sample  is  taken  from  the  still's  side  tube.  The  tapping  may  be  done  with  a 
special  device  (consisting  of  a  plpet  attached  to  the  tube  by  a  ground  glass 

*Tlils  indicates  the  possible  deviations,  in  confordlLty  with  Table  4. 

A  slight  inaccuracy  in  the  refractive  index  of  the  still  liouid  has  very  little  effect  upon  the  results 

of  the  efficiency  determination  (table' 4). 
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fitting  and  equipped  with  a  three-way  stopcock  connected  to  the  still,  the  plpet 
reservoir,  and  the  sample  collector)  or  simply  by  removing  the  ground-glass  stop¬ 
per  of  the  tube  an'd  quickly  inserting  instead  a  pipet  with  a  stopper.  This  must 
be  done  quickly  to  prevent  the  reflux  leaking  out  of  the  column  and  changing  the 
concentration  in  the  still. 

If  high  accuracy  is  not  required,  an  efficiency  of  80-100  steps  may  be  meas¬ 
ured  in  this  manner. 

Determining  efficiencies  of  100  steps  and  more  requires  benzene  and  carbon 
tetrachloride  that  possess  good  physical  and  chemical  constants,  *  and  each  of 
them  must  be  separately  freed  of  its  more  volatile  impurities. 

This  refining  of  the  constituents  may  be  performed  in  the  same  column  whose 
efficiency  is  to  be  determined,  or,  better  still,  in  a  column  whose  efficiency  is 
known  to  be  high.  This  refining  is  done  by  distilling  into  the  column,  alterna¬ 
ting  with  closed-cycle  operation  of  the  column,  until  a  sample  taken  from  the 
condenser. at  equilibrium  exhibits  a  refractive  index  that  is  the  same  as  that  of 
the  liquid  taken  from  the  still  (as  measured  on  the  drum  of  a  Pulfrich  refracto- 
meter).  The  solution  for  determining  the  efficiency  is  made  up  of  the  constitu¬ 
ents  purified  in  this  manner. 

To  secure  the  data  entered  in  Table  5  I  measured  the  efficiency  as  follows. 
The  efficiency  of  the  column  was  first  stabilized  by  filling  it  chockfull  five 
times  with  a  cold  Jacket. 

The  experiment  was  begun  with  a  choked  column  and  cold  Jacket.  After  this 
choking  the  column  was  shifted  to  trickling  operation  (200  drops  per  minute), 
and  the  Jacket  was  heated  to  76° .  Four  hours  after  trickling  operation  had  been 
started  the  first  discard  of  2  ml  was  taken,  followed  by  another  of  2  ml  one 
hoiir  later,  after  which  the  column  was  operated  for  another  5-6  hours.  Then  a 
k  ml  sample  was  taken  from  the  condenser,  followed  at  once  by  taking  a  sample 
from  the  still. 

The  condenser  we  used  in  this  research  is  illustrated  in  Fig.  3.  The  let¬ 
ter  a  denotes  a  4-ml  pocket  in  which  the 
reflux  accumulated,  a  cross  section  of 
the  condenser  at  this  point  being  shown 
at  the  right. 

The  advantages  of  this  condenser  are  ^ 
that  it  makes  it  possible  to  tap  the 
entire  sample  of  equilibrium  reflux  at 
once,  and  that  the  trickling  rate  does 
not  drop  to  a  very  small  value  or  to  zero 
when  discards  are  made  (when  trickling 
drops  below  a  certain  minimum  value,  even 
for  a  brief  period,  the  choking  effect 
vanishes  and  the  efficiency  drops  off) . 

The  liquid  in  the  pocket  is  stirred  by 
cautiously  blowing  air  through  it  once 
an  hour.  In  our  subsequent  research  we 
eliminated  this  blow- through,  installing 
minute  openings  in  the  bottom  of  the 
pocket  so  that  part  of  the  reflux  flow¬ 
ing  into  the  pocket  emerged  over  its  top 
edge,  while  the  rest  flowed  out  below, 
thus  preventing  its  stagnation  in  the  pocke- 

The  position  of  the  Pulfrich  refractometer  drum  was  read  off  twice  for  each 
The  benzene  must  have  a  np°  of  1.50110,  and  the  carbon  tetrachloride  a  np°  of  1.4608. 
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sample^  The  first  reading  usually  differed  from  the  second  one  hy  0,1' -0.2’. 

Only  another  determination  with  a  new  hatch  of  the  sample  yielded  a  stable  result 
that  coincided  with  subsequent  determinations. 

As  the  progress  of  experiments  like  those  in  Table  5  showed,  the  error  in 
measuring  efficiency  at  high  values  of  the  latter  may  be  due  to  not  keeping  the 
column  running  for  a  long  enough  time  (until  it  reaches  equilibrium.)  and  to  errors 
in  measuring  the  concentration^  all  other  sources  of  error  are  secondary. 

Theoretically,  the  amount  of  liquid  placed  in  the  still  to  measure  efficiency 
does  not  affect  the  latter.  In  practice,  however,  the  more  liquid  used,  the  more 
accurate  the  results  obtained.  Then  the  tapping  of  samples  from  the  condenser 
(for  the  Abbe  refractometcr )  does  not  change  the  concentration  in  the  still  per¬ 
ceptibly,  and  equilibr  ium  samples  have  a  constant  refractive  index.  On  the  other 
hand,  using  v^ry  large  quantities  of  solution  is  inadvisable  because  of  the  re¬ 
agent  consumption  involved.  We  usually  use  200  ml  of  solution  for  30-^0  ml 
priming  charges.' 

To  secur-e  still  solutions  corresponding  to  5^  100,  200,  etc,,  steps  (Table 
5'),  we  reckoned  the  initial  solutions  on  the  basis  of  the  priming  charge  (40  ml) 
plus  8  ml  for  discards  and  the  contents  of  the  pocket  before  each  sample  is  taken. 

Table  6  contrasts  the  figures  on  the  number  of  steps,  secured  hy  the  fore¬ 
going  method,  with  those  secured  by  Method  1  -  using  the  x,j  diagram. 

TABLE  6 


Comparison  of  the  Results  of  Calculating  the  Number  of  Steps  from 
the  Step  Number  -  Concentration  Diagram  and  From  the  x>Z  Diagram 


CCI4  concentra¬ 
tion  in -the  con¬ 
denser  reflux, 
molar  % 

Number  of”  steps" 
from,  the  step 
number  —  con¬ 
centration  dia,- 

.  .gram . 

Number 
of  steps 
from  the 
x,y  dia¬ 
gram 

CCI4  concentra¬ 
tion  in  the 
condenxer  re¬ 
flux,  molar  ^ 

Number  o'^  steps 
from  the  step 
number  —  con¬ 
centration  dia¬ 
gram 

Numter 
of  steps 
from  the 
x,y  dia¬ 
gram 

3.0 

0.0 

0.0 

50.0 

23.6 

23.2 

5.0 

2.9 

2.9 

60.0 

28.2 

27.8 

7.5 

5.4 

5.3 

70.0 

34.7 

54.2 

10.0 

7.3 

7.2 

80.0 

45.8 

45.2 

20.0 

12.5 

12,1 

85.0 

55.6 

5.3.7 

30.0 

15.8 

15.8 

90.0 

74.2 

67.8 

40.0 

19.8 

19.4 

Table  6  indicates  that  calculating  the  number  of  steps  from  the  diagram 
yields  fairly  accurate  results  up  to  45  steps.  It  cannot  he  employed,  however, 
for  higher  efficiencies. 

Lafetly,  we  reproduce  Table  which  compai^es  the  results  of  calculating  the 
number  of  steps  .for  the  methylcyclohexane  ~  n-heptane  system  hy  the  Penske  method 
[i],  the  Willingham  and  Rossini  method  [2],  and  the  method  described  in  the  pre^s- 
ent  paper. 

This  shows  that  the  Fenske  calculation  is  inaccurate,  while  that  of  Willing^- 
ham  and  Rossini  is  quite  accurate. 

The  calculations  for  Table  2  were  checked  hy  P.ya.Mo.lodenkc,  while  R.V. 
Lyzlova  assisted  in  the  experimental  check  of  this  tables  I  wi^3h  to  express  my 
indebtedness  to  them  hero. 
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TABLE  7 


Comparison  of  the  Results  Obtained  In  Calculating  the  Number  of  Steps 
by  the  Fenske  Method,  the  Willingham  and  Rossini  Method,  and  the  Method 

Described  in  the  Present  Paper 


Methylcyciohexane  -  n-Heptane  System 


Molar  ^ 
n-heptane 
in  still 
liquid 

Molar  ^ 
n-heptane 
in  conden¬ 
ser  reflux 

Midpoint 

of 

interval, 

I0 

a  of 
interval 
midpoint 

Number 

of 

steps, 

n 

Zn 

Remarks 

5.0 

96.4 

49.7 

1.07 

100.00 

100.00 

Calculation  by  the  .’e 
^  Fenske  method.  Value 
of  a  by  the  Fenske 
method. 

3.0 

96.4 

■ 

49.7 

1 . 07482 

93.78 

93.78 

Calculation  by  the  Will¬ 
ingham  and  Rossini  method. 
The  value  of  a  was  taken 
from  the  Willingham  and 
Rossini  data  for  the  mid¬ 
point  of  the  concentra¬ 
tion  interval. 

3.0 

14.68 

8.84 

1.07566 

23.51 

Calculated  by  dividing 

14.68 

26.35 

20.51 

1,07543 

10.08 

into  concentration  in- 

26.35 

49.70 

38.03 

1.07507 

14.03 

tervals.  The  values  of 

49.70 

73.05 

61.38 

1.07459 

14.02 

93.70 

a  were  calculated  from 

73.05 

84.73 

78.89 

1.07423 

10.00 

the  Willingham  and 

84.73 

96.40 

90.56 

1.07400 

22.06 

Rossini  data. 

SUMMARY 

1.  A  method  is  described  for  calculating  the  number  of  steps  (theoretical  , 
plates)  in  a  system  with  variable  a  (relative  volatility). 

2.  The  benzene  —  carbon  tetrachloride  system  is  proposed  for  measuring  the 
efficiency  of  rectifying  columns  (the  number  of  steps).  The  number  of  steps  is 
calculated  for  tljis  syfetem  in  the  concentration  range  of  3-99  molar  ^  CCI4.  The 
results  of  the  computation  are  s^fet  forth  in  a' table’ which  makes  it  possible  to 
plot  step  number  -  concentration  diagrams  to  determine  column  efficiency. 

3.  The  correctness  of  the  data  on  the  liquid-vapor  equilibria  in  the  benz¬ 
ene  —  carbon  tetrachloride  system  and  of  the  computation  of  the  number  of  steps 
has  been  checked  experimentally  with  a  rectifying  column.  This  check  has  shown 
that  the  proposed  system  can  be  used  to  measure  the  efficiency  of  columns  having 
as  many  as  ^00  steps. 

4.  The  proposed  system  possesses  the  following  advantages  over  all  others 
known  up  to  the  present  time:  the  constituents  are  readily  available  and  easy  to 
purify,  and  concentrations  can  be  determined  with  high  accuracy  refractometrlcally. 
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BPECTROPHOTOMETRIC  INVESTIGATION  OF  MAXIMA  IN  THE 
COMPOSITION  -  PROPERTY  DIAGRAM  WHEN  THE  SYSTEM 
CONCENTRATION  IS  CHANGED  IN  SOLUTIONS  OP  COBALT  HALIDES 

I.  INVESTIGATION  OP  COMPLEX  IONS  OP  COBALT  (II)  IN  ETHYL  ALCOHOL 

M.  S.  Barvinok 


In  determining  the  composition  of  the  complex  ion  formed  in  solution  from 
the  constituents  A  and  B  according  to  the  equation  M  +  nB  =  AmBn,  we  have  to 
find  m  and  n,  A  being  a  metallic  ion  and  B  any  molecule  or  anion,  simple  or  com¬ 
plex.  If  the  complex  ion  AmBn  has  a  characteristic  color,  its  composition  may 
be  determined  by  the  method  of  continuous  changes,  using  the  optical  density  as 
the  property  tested  [i].  The  graph  of  optical  density  D  versus  composition  must 
bie  a  curve  with  a  maximum  or  a  minimum  D  =  =  (Di  +  D2)  where  Dobserved 

is  the  optical  density  of  the  system  M  +  nB  =  AmBn  in  the  solutionj  Di  is  the 
optical  density  of  a  solution  of  the  constituent  Aj  and  D2  is  the  optical  density 
of  a  solution  of  the  constituent  B. 

The  position  of  the  maximum  or  minimum  on  the  optical  density  —  composition 
curve  is  given  by  the  ratio  m/n. 

The  less  the  complex  ion  is  dissociated  in  the  solution,  the  sharper  will 
the  maximum  or  the  minimum  be. 

As  we  know  from  experiment,  the  complex  ion  AmBn  is  stable  in  solution 
throughout  a  certain  temperature  and  concentration  range.  In  most  Instances  its 
dissociation  is  gradual,  as  these  conditions  approach  the  ‘boundary"  values.  That 
is  why  the  abscissas  (composition)  of  the  point  on  the  diagram  representing  the 
complex  ion  A^n  does  not  change  as  the  result  of  a  change  in  the  factors  govern¬ 
ing  equilibrium  within  the  region  of  the  stable  state,  with  the  exception  of  rare 
instances  of  compounds  of  variable  composition. 

If  we  move  from  the  region  where  the  given  complex  ion  is  partially  dissoci¬ 
ated,  by  changing  these  factors,  into  a  region  where  there  is  no  dissociation, 
the  abscissa  of  the  maximum  or  minimum  representing  the  complex  ion  AmBn  asympto¬ 
tically  approaches  the  point  representing  the  composition  of  the  complex  ion  AmBn 
and  stays  there  during  all  changes  within  the  stable  region.  The  two  parts  of 
the  curve  on  which  the  maximum  or  minimum  is  located  meet  at  an  angle  that  grows 
more  and  more  acute  as  we  approach  the  boundary  of  the  stable-state  region,  and 
the  point  becomes  more  and  more  distinct. 

EXPERIMENTAL 

We  Investigated  the  00(0104)2  -  LiOl  -  ethyl  alcohol  system,  making  a  study 
of  sections  parallel  to  the  stable  diagonal.  For  each  section  we  made  up  a  series 
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of  solutions  by  mixing  alcoholic  solutions  of  €0(0104)2  and  LiCl  of  the  same  mol¬ 
arity  in  various  proportions,  keeping  the  volume  unchanged  (method  of  continuous 
changes  [1]).  A  total  of  ten  series  of  solutions  was  investigated  at  the  following 
aggregate  concentrations;  0.1,  O.O9,  O.O8,  O.O7,  O.O6,  O.O5,  0.04,  O.O3,  0.02, 
and  0.01  mole  per  liter,  the  solutions  corresponding  to  the  respective  sections. 

The  cobalt  perchlorate  preparation  employed  was  00(0104)2 °6H20,  prepared  from  chem¬ 
ically  pure,  nickel-free  cobalt  carbonate  and  chemically  pure  perchloric  acid. 

The  solutions  of  cobalt  perchlorate  were  made  up  with  doubly  recrystallized 
0o(0104)2'6H20. 


Ohemically  pure  lithium  chloride  was  re- 
crystallized  twice  and  desiccated  at  110°  in  - 
a  current  of  HOI.  The  anhydrous  ethyl  alco¬ 
hol  was  prepared  as  described  in  the  litera¬ 
ture  [2]. 

The  optical  density  was  measured  with  a 
Beckmann  quartz  photoelectric  spectrophoto¬ 
meter  at  a  temperature  of  20  +1° .  The  meas¬ 
urement  results  are  listed  in  Tables  1-10  and 
shown  in  the  figure.  Tables  1-10  likewise 
indicate  the  technique  of  making  up  the  solu¬ 
tions. 

As  we  see  in  the  figure,  the  peak  of 
the  maxima  begins  to  become  sharp  at  an 
aggregate  concentration  of  0.05  mole/liter. 

At  an  aggregate  concentration  of  0.01  mole/ 
liter  the  maximum  is  extremely  flat.  As 
we  pass  from  the  solutions  of  the  first 
series,  with  an  aggregate  concentration  of 
0.1  mole/liter  to  those  of  the  tenth  series, 
with  an  aggregate  concentration  of  0.01 
mole /liter,  the  optical  density  of  the  solu¬ 
tions  diminishes,  owing  to  the  decrease  in 
the  concentration  of  the  complex  ions  in  the 
solutions  as  the  latter  are  diluted. 


■The  position  of  the  maxima  on  the  curves 
of  optical  density  D  versus  composition  at 
aggregate  concentrations  of  0.1  to  O.O9 
mole/liter ’ in  the  system”  €0(0104)2  +  LiOl  in 
ethyl  alcohol  corresponds  to  a  composition  of 
the  complex  ion  in  which  m/n  =  1;4,  where  m 
is  the  number  of  cobalt  ions  in  the  complex 
ion,  and  n  is  the  number  of  chlorine  ions  in 
the  complex  ion. 

As  we  have  stated  before,  at  this  ratio  of  cobalt  to  chlorine  ions  the  co- 
baltochloride  complex  ions  in  ethyl  alcohol  have  the  composition  of  O0OI4  [3]. 
The  abscissa  (the  composition)  of  the  point  in  the  diagram  representing  the  com¬ 
position  of  the  complex  ion  O0OI4  does  not  change  down  to  an  aggregate  concen¬ 
tration  of  0.01  mole/liter.  At  the  aggregate  concentration  of  0.01  mole/liter 
the  maximum  becomes  so  flat  that  it  is  hard  to  determine  the  composition  of  the 
complex  ion. 


Cofealt  perchlorate  + 
lithium  chloride  +  ethyl 
alcohol 


Sections  parallel  to  the  cobalt  per- 
chlorite  -  lithium  chloride  side.  The 
ccnposition  of  the  solutions  represented 
by  the  curves  1-10  is  given  in  the  re- 
sp^ive  tables. 


A_slight  shift  of  the  point  representing  the  composition  of  the  complex  ion 
O0OI4  along  the  axis  of  abscissas  (compositions)  toward  a  lower  percentage  of 
chlorine  ions  in  the  cobaltochloride  complex  ion  is  observable,  however. 
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Table  1 


Optical  Density  of  Alcoholic  Bolutlons  of  Cobalt  Perchlorate  Mixed  with  Lithium  Chloride  at  an  Aggregate 


Solution  Ccmposition 


Concent  rat  i(»i  of  0.1  mole. 


Optical  Density  D-k<,  at  X  (in  in|i) 


g  at  X  (  in  B4) 


SolutlQ 


II  4.0 


III  3.5 


IV  3.0 


VI  2.0 


IX  I  0.5 


III  3.5 


VIII  1.0 


M»i  rn  I'l  ij  iiBBi 


Co(Cl04)2  I  LiCl  I  POO  I  025  650  675  700  600  625  650  675  700 


Table  3 

Optical  Density  of  Alcoholic  Solutions  of  Cobalt  Perchlorate  Mixed  with  Lithium  Chloride 


at  an  Aggregate  C<Micentratlcxi  of  0.08  mole. 


Solution  Compositirai 

Optical  Density  Dgjjg 

at  X  (in  mp.) 

fi  at  X  (in 

Solution 

No. 

CO(C104)2 
(in  ml. 

LiCl 

) 

Concentration 

(moles/liter) 

600 

625 

650 

675 

700  ( 

600 

625 

650 

675 

TOP 

Co(Cl(U)2 

LiCl 

1 

4.5 

0.5 

0.072 

0.008 

0.045 

0.038 

0.035 

0.027 

0.013 

0.014 

0.015 

0. 013 

0.  012 

0. 003 

I 

4.5 

0 

0.072 

- 

0.031 

0.  023 

0.  022 

0.015 

0.010 

2 

4.0 

1.0 

0. 064 

0.016 

0.077 

0.073 

0.075 

0.  055 

0. 018 

0. 049 

0.061 

0. 054 

0.041 

0.008 

II 

4.0 

0 

0.064 

- 

0.028 

0.022 

0.021 

0.014 

0.010 

3 

3.5 

1.5 

0.056 

0.024 

0.132 

0.142 

0. 153 

0.118 

0.034 

0.107 

0.122 

0.135 

0.105 

0.026 

III 

3.5 

0 

0.056 

- 

0.025 

0.020 

0.018 

0.013 

0.008 

4 

3.0 

2.0 

0.048 

0.032 

0.235 

0.268 

0.298 

0.235 

0. 067 

0.214 

0.252 

0.284 

0.225 

0.063 

IV 

3.0 

0 

0.048 

- 

0.021 

0.016 

0. 014 

0.010 

0.004 

5 

2.5 

2.5 

0.040 

0.040 

0.418 

0.492 

0.564 

0.465 

0.138 

0.400 

0.478 

0.556 

0.456 

0.134 

V 

2.5 

0 

0.040 

- 

0.  018 

O.Olf 

0.  008 

0.009 

0.004 

6 

2.0 

3.0 

0.032, 

0.048 

0.650 

Q.790 

0.920 

0.800 

0.253 

0.636 

0.779 

0.901 

0.791 

0.249 

VI 

2.0 

0 

0.032 

- 

0. 014 

0.011 

0. 009 

0.009 

0.004 

7 

1.5 

3.5 

0.024 

0.056 

0.885 

1.100 

1.280 

1.180 

0.390 

0.875 

1.098 

1.273 

1.179 

0.390 

VII 

1.5 

0 

0.024 

- 

0.010 

0.007 

0.007 

0.001 

0 

8 

1.0 

4.0 

0. 016 

0.064 

1.000 

1.220 

1.460 

1.430 

0.500 

0.994 

1.216 

1.452 

1.429 

0.500 

VIII 

1.0 

0 

0.016 

- 

0.006 

0. 004 

0.008 

0.001 

0 

9 

0.5 

4.5 

0. 008 

0.072 

0. 780 

0.960 

1.180 

1.180 

0.432 

0.777 

0.958 

1.178 

1.179 

0.432 

IX 

0.5 

0 

0.008 

- 

0.008 

0,002 

0.002 

0.001 

0 

Table  4 

at  an  Aggregate  Concentration  of  0.07  moles  . 


1 

4.5 

0.5 

0.063 

p 

o 

o 

-4 

00 

CO 

o 

d 

0.032 

0.030 

0.023 

0.012 

0.011 

0. 010 

0.010 

0.012 

0. 005 

I 

4.5 

0 

0.063 

- 

0.027 

0.022 

0.020 

0.011 

0.007 

2 

4.0- 

1.0 

0,056. 

0.014 

0.068 

0.063 

0.065 

0.042 

0. 018 

0.045 

0.043 

0.  046 

0.081 

0.  on 

II 

4.0 

0 

0.056 

- 

0.023 

0.020 

0.019 

0.  011 

0.007 

3 

3.5 

1.5 

0.049 

0.021 

0.125 

0.134 

0.143 

0.108 

0.030 

0.105 

0.117 

0. 127 

0.098 

0. 024 

III 

3.5 

0 

0.049 

- 

0.020 

0.017 

0.016 

0.010 

0.006 

4 

3.0 

2.0 

0.042 

0.028 

0.229 

0.263 

0.298 

0.229 

0.  063 

0.213 

0.251 

0.282 

0.222 

0.  052 

IV 

3.0 

0 

0.042 

- 

0.016 

0.012 

0.011 

0.007 

0.  011 

5 

2.5 

2.5 

0.035 

0.035 

0.390 

0.460 

0.527 

0.435 

0.125 

0.376 

0.449 

0.517 

0.428 

0. 113 

V 

2.5 

0 

0.035 

■  - 

0.014 

0.011 

0.010 

0.007 

0.  012 

6 

2.0 

3.0 

0.028 

0.012 

0.595 

0.715 

0.810 

0.710 

0.218 

0.582 

0.705 

0.801 

0.703 

0.215 

VI 

2.0 

0 

0.028 

- 

0.013 

0.010 

0. 009 

0.007 

0.003 

7 

1.5 

3.5 

0.021 

0.049 

0.80O 

0.970 

1.140 

1.050 

0.330 

0.792 

0.963 

1.137 

1.048 

0.359 

VII 

1.5 

0 

0.021 

- 

0. 008 

0.007 

0.003 

0.002 

0 

8 

1.0 

4.0 

0.  014 

0.056 

0.865 

1.050 

1.250 

1.210 

0.440 

0,858 

1.045 

1.248 

1.208 

0.440 

VIII 

1.0 

0 

0.014 

- 

0.007 

0.005 

0.002 

0.002 

0 

9 

0.5 

4.5 

O.0O7 

0.  063 

0.660 

0.785 

0.948 

0.942 

0.356 

0.657 

0.782 

0.946 

0.940 

0.356 

IX 

0.5 

0 

0.007 

- 

0.003 

Q.  003 

0.002 

0.002 

0 
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Table  7 


Optical  Density  of  Alc<*olic  solutions  of  Cobalt  Perchlorate  Mixed  with  LithiJim  Chloride 


at  an  Aggregate  Concentration  of  0.04  moles. 


Solution  Composition 

Optical  Densi] 

ty  Dobs 

at  X  (in  in|_i) 

E 

1  at  X  1 

(in  np) 

Concentration 

(moles/liter) 

r 

, 

Solution 

CO(C104)2 

UCl 

! 

No.  ^ 

(in  m] 

CO (C 104)2 

LiCl 

600 

1  625 

650 

675 

i  700 

600 

625 

650 

675 

700 

1 

4.5 

0.5 

0.036 

0.004 

0.022 

0. 019 

0,024 

0.013 

0.006 

0.  001 

0.001 

0.009 

0.002 

0.002 

I 

4.5 

0 

0.036 

- 

0.021 

,0.015 

0.  015 

0.011 

0.004 

2 

4.0 

1.0 

0.032 

0.008 

0. 035 

0.033 

0. 033 

0.024 

0.006 

0.  016 

0.018 

0.020 

0.013 

0 

II 

1  4.0 

0 

0.032 

- 

0.019 

0.015 

0.013 

0.011 

0. 006 

3 

3.5 

1.5 

0.028 

0.012 

0.065 

0.068 

0.  074 

0.  052 

0.008 

0.048 

0. 056 

0.063 

0.043 

0.003 

III 

3.5 

0 

0.028 

- 

0.017 

0.012 

0.011 

0.009 

0.005 

4 

3.0 

2.0 

0.G24 

0.016 

0.114 

0.126 

0.140 

0.103 

0.  024 

0.100 

0.116 

0.132 

0.097 

0.021 

IV 

3.0 

0 

0.024 

- 

0.014 

0.010  1 

0.008 

0.006 

0.  003 

5 

i  2.5 

2-5 

0.020 

0.020 

0.198  1 

,0.230 

0.260 

0.197 

0.046 

0.185 

0.220 

0.252 

0.191 

0.043 

,  V 

2.5 

0 

0.020 

- 

0.013 

0.010 

!  0.008 

0.006 

0.003 

6 

2.0 

3.0 

0.016 

0.024 

0.310 

0.370  ! 

0.423 

0.384 

0.  082 

0.301 

0.362 

0.417 

0.379 

0.079 

VI 

'  2.0 

0 

:  0.016 

- 

0.009 

0.008 

0.  006 

0.005 

0.  003 

7 

1.5 

3.5 

1  0. 012 

0.028 

0.420  , 

0.512  : 

j  0. 593 

0.502 

0.148 

0.414  i 

0.508  ; 

0. 590 

0.502  ! 

0.148 

VII 

1.5 

0 

1  0.012 

- 

0.006  1 

0.004 

0.003 

iO 

0 

1 

8 

1.0 

4.0 

1  0.008  1 

0.082 

j  0.447  i 

0.550 

0.648 

Q.579 

0.185  j 

0.441  j 

0.546 

0.645 

0.577 

0.185 

VIII 

1.0  ‘ 

0 

0.008 

- 

1  0.  006 

0.004 

0.003 

1  0.002 

0  ! 

0.336  ! 

9 

0.5 

4.5 

I  0.004 

0.036 

I  0.338 

0.410 

:  0.488 

0.452  : 

0.152 

0.410 

0.486 

0.450 

0.152 

IX 

0.5 

!  0 

1  0.004 

- 

1  0.002 

lo 

j  0.  002 

jo. 002 

D  I 

Table  8 


at  an  Aggregate  Concentraticm  of  0.03  moles 


1 

4.5 

0.5 

0.027 

0.003 

0.020 

0.012 

0.010 

0.017 

0.004 

0.007 

0.002 

0.007 

0.007 

0.004 

I 

4.5 

0 

0.027 

- 

0.013 

0.010 

0.003 

0 

0 

2 

4.0 

1.0 

0.024 

0.006 

0.027 

0. 023 

0.024 

0.017 

0.006 

0. 014 

0.  013 

0.021 

0.017 

0.006 

II 

4.0 

0 

0. 024 

- 

0.013 

0.  010 

0.003 

0 

0 

3 

3.5 

1.5 

0.021 

0.009 

0.047 

0.  045 

0.050 

0.033 

0.  006 

0.039 

0.037 

0.048 

0.033 

0.006 

III 

3.5 

0 

0.021 

- 

0.008 

0.  008 

0.002 

0 

0 

4 

3.0 

2.0 

0.018 

0.012 

0.078 

0.088 

0.096 

0.067 

a  016 

0.065 

0.085 

0.  091 

0.  065 

0.016 

IV 

3.0 

0 

0.018 

- 

0.013 

0.003 

0.  005 

0.002 

0 

5 

2.5 

2.5 

0.015 

0.015 

0.139 

,  0.165 

0.086 

0.136 

0.030 

0.126 

0.162 

0.184 

0.136 

0.030 

V 

2.5 

0 

0.015 

- 

0,013 

0.003 

0.002 

0 

0 

6 

2.0 

3.0 

0. 012 

0  .018 

0.215 

0.260 

0.295 

0.225 

0.062 

0.208 

0.258 

0.295 

0.225 

0.052 

VI 

2.0 

0 

0.012 

0.007 

0.002 

0 

0 

0 

7 

1.5 

3.5 

0.009 

0.021 

0.285 

0.350 

0.408 

0.333 

0.093 

0.282 

0.350 

0.408 

0.333 

0.  098 

VII 

1.5 

0 

0.009 

- 

0.003 

0 

0 

« 

0 

8 

1.0 

4.0 

0.006 

0. 024 

0.300 

0.370 

0.439 

0.378 

0.112 

0.297 

0.370 

0.439 

0.378 

0.112 

VIII 

1.0 

0 

0.006 

~ 

0.003 

0 

0 

0 

0 

9 

0.5 

4.5 

0.003 

0.027 

0.230 

0.285 

0.338 

0.308 

0.093 

0.229 

0.285 

0.338 

0.303 

*  0.093 

n 

0.5 

0 

0.003 

- 

0.001 

0 

0 

0 
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rahJe  9 


Optical  Density  of  Alcoholic  Solatlons  of  Cobalt  Perchlorate  Ulxed  with  Lithium  Chloride 


Solution  Composition 


at  axL  Aggregate  Concentratirai  of  O.OE  moles 


r.  ^t  X  (ilj  4^) 


Optical  Density  D 


D  at  X  (in  mil) 


SUMMARY 


1.  The  position  of  the  maxima  on  the  curves  of  the  optical  density,  D,  versus 
the  composition  of  the  system;  00(0104)2  +  LiOl  In  ethyl  alcohol  has  been  inves¬ 
tigated  for  various  sections  paral].el  to  a  stable  diagonal o 

The  triangle  sections  have  been  investigated  at  aggregate  concentrations  of 
the  cobalt  perchlorate  plus  the  lithium  chloride  in  ethyl  alcohol  ranging  from 
0.1  to  0.01  mole/liter. 

2.  The  maxima  on  the  optical  density  -  composition  curves  are  located  at  a 
position  corresponding  to  a  composition  of  the  complex  ion  in  which  m/n  =  1;4. 

3.  The  sharpness  of  the  maxima  on  the  optical  density  ~  composition  curves 
does  not  vary  appreciably  down  to  an  aggregate  concentration  of  0,03  mole/liter. 

At  an  aggregate  concentration  of  0,01  mole/liter  the  maximum  becomes  so  flat 
as  to  render  determination  of  the  composition  of  the  complex  ion  impossible, 

A  slight  shift  of  the  point  representing  the  composition  of  the  CoCl4"“'  com¬ 
plex  ion  is  observed,  however,  along  the  axis  of  abscissas  (compositions),  in  the 
direction  of  a  lower  percentage  of  chlorine  ions  in  the  cobalto(ll) -chloride  com¬ 
plex  ion. 
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THE  BINARY  SYSTEMS  CONSTITUTED  BY  SnCl4,  SbClg  and  AsClg 


IV. ;  THE  SbClg  -  CH2CICOOH  SYSTEM 


M.  Usanovich  and  T.  Sumarokova 


The  conductance,  viscosity,  and  density  of  the  SbCla  -  CH2CICOOH  system  have 
been  investigated  at  60,  and  70“  ^  and  its  fusibility  curve  has  been  plotted. 

The  measurements  of  viscosity  are  listed  in  Table  1,  with  the  variation 
of  viscosity  with  composition  shown  graphically  in  Fig.  1, 


Inspection  of  Fig,  1  shows 
that  the  viscosity  isotherms  pass 
through  a  maximum  at  50  mol,^  SbCla*  The 
position''  pf  the  maximum  shifts  toward 


TABLE  1 


Viscosit] 


Molar  ^ 

X  102 

SbCla _ _ 

50° 

60° 

70°. _ 

100,00 

5.926 

3.147 

2.660 

90.19 

- 

- 

2.829 

89.30  . 

'4.500 

3.615 

2.898 

83o10-  " 

1  ^.757 

3.687 

2.952 

77.54 

i  4,987 

5.871 

3.082 

68,81 

'  5 , 1^  *■'  ♦ 

4.075 

3.211 

65,21 

5,244 

4.066 

3.270 

56.26 

5.418 

4,089 

3.152 

50,05 

5.^57 

4,109 

3.169 

49.08 

5.449 

- 

- 

46,48  ; 

5,272 

'  3.971 

3.155 

45,11 

5.302  1 

3.993 

5.136 

37.38 

5.154  ; 

3.890 

2.962 

27.85 

4 . 894  I 

3.690 

2,865 

14,76 

4.147  1 

3.202 

2.399 

0.00 

3.021  ’ 

2.446 

2.046 

the  more  viscous  constituent,  SbCla,  as  the  temperature  is  raised.  The  presence 
of  a  maximum  on  the  viscosity  isotherms  is  evidence  of  the  formation  of  a  compound 
with  the  composition  of  SbCl3“CH2ClC00H. 


The  data  on  conductance  are  listed  in  Table  2,  The  specific  conductance  Is 
plotted  in  Fig.  2  as  a  function  of  the  composition.  The  conductance  isotherms 
are  of  Irregular  shape.  As  we  see  in  Fig.  2,  the  specific  conductance  rises  rather 
steeply  from  100^  SbCla,  passing  through  a  maximum  at  65  mol^  SbCla.  There  is  a 
point  of  inflection  on  the  Isotherms  at  40-50  mol,^  SbCla,  the  drop  in  conductance 
being  slowed  down  somewhat,  but  becoming  very  rapid  after  30  mol, 'Jit  SbCla.  As  the 
temperature  is  lowered,  the  maximum  conductance  shifts  toward  the  SbCla  side, 
while  the  point  of  inflection  shifts  toward  the  equimolecular  compound. 


Fig.  2. 


TABLE  2 


Conductance  of  the 
SbCla  -  CH2CICOOH  System 


moIT? 

She  la 

.  Y.  X 

10^ 

50“ 

60* 

70® 

96.10 

1.295 

1.982 

2.147 

90.19 

- 

- 

5.957 

82.40 

- 

4.843 

5.524 

76.46 

4.348 

4.909 

;  5-52'* 

71.78 

4.600 

5 . 058 

1  5.558 

65.21 

4.433  1 

5.586 

'  6.750 

62.86 

4.386  1 

5.702  i 

'  6.383 

56.26 

4.322  i 

5.‘‘57  i 

i  6.607 

50.03 

3.151  • 

4.775  ’ 

i  5.762 

49.08 

3.390 

4.404  , 

-  5.187 

46 . 45 

2.995 

5.737  ; 

4.219 

45.11 

2.948 

3.486 

3.899 

37.58 

1  2.705 

- 

- 

33.41 

2.255 

- 

- 

27.85 

1.744 

2.398 

2.868 

20.26 

0.982  I 

1.155 

1.429 

14.76 

0.577  i 

0.472 

0.544 

It  seems  to  us  that  the  point  of  inflection  on  the  isotherms  we  secured  is 
caused  by  the  formation  of  a  compound  with  the  composition  of  SbCla'CHaClCOOH. 

This  supposition  is  particularly  reinforced  by  the  fact  that  the  inflection  point 
shifts  toward  the  equimolecular  compound  as  the  temperature  goes  down,  and  had 
we  been  able  to  measure  the  conductance  at  lower  temperatures,  the  conductance 
isothernB  would  have  had  to  exhibit  a  minlmumi  representing  the  composition  of  the 
compound  SbCls '01120100011.  A  similar  picture  is  observed  in  many  systems;  a  min¬ 
imum  is  exhibited  on  the  conductance  isotherms  of  the  SbCla  -  (C2H5)0  system  [1]  in 
particular,  as  the  temperature  is  lowered. 

Thus,  as  the  temperature  drops,  the  curves  of  specific  conductance  approach 
the  shape  of  the  curves  secured  by  N. A. Trifonov  [2]  and  his  coworkers  for  systems 
in  which  stable  compounds  are  formed.  As  before,  we  applied  a  viscosity  correct¬ 
ion  to  the  conductance  values.  The  data  on  the  calculation  of  the  corrected  con¬ 
ductance  •  at  50°  are  listed  in  Table  3*  '  - 

The  data  of  Table  3  were  used  to  plot  the  curve  sHbwing  the  corrected  con¬ 
ductance  as  a  function  of  the  composition  (Fig.  3). 

The  shape  of  the  isotherm  of  corrected  conductance  is  about  that  of  the 
specific  conductance  isotherm.  Eliminating  the  effect  of  viscosity  upon  conduct¬ 
ance  did  not  eliminate  the  point  of  inflection,  which  reflects  the  formation  of 
a  compound  of  equimolecular  composition.  The  maximum  on  the  curve  of  corrected 
conductance  occurs  at 'a  rational  component  ratio  (67  mol.^  SbCls),  representing 
the  composition  of  the  compound  2SbCl3 *01120100011.  Thinking  that  the  temperature 
coefficient  would  enable  us  to  judge  the  composition  of  the  chemical  compound^ 
we  computed  the  temperature  coefficient  of  conductance.  The  data  on  the  tempera¬ 
ture  coefficient  of  conductance  are  given  in  Table  4,  while  Fig.  h  shows  the  tem¬ 
perature  coefficient  of  conductance  as  a  function  of  the  composition. 

We  see  in  Table  4  that  the  temperature  coefficient  of  conductance  of  our 
*The  correctlcm  was  applied  to  the  snooth  curve. 


The  results  of  our. density  measurements  are  given  in  Table  5“ 

In  Fig.  5  we  have  plotted  the  specific  volume  as  a  function  of  the  composition 


TABLE  5  TABLE  6 


Density  of  the  SbCla  -  CH2CICOOH  System  Fusibility  of  the 


Percent 

,  SbCl3 

Density 

SbC  I3 

-  CH2CICOOH  System 

Molar  1 

By  wt .  50° 

70° 

Molar  ^ 

Arrest  1 

Doints 

100.0 

100.00  2.7552 

2.7148 

2.6850 

SbClr:» 

First 

Second 

90.19 

95.64  2.6319 

2.6165 

2.5918 

100.00 

75.2'- 

- 

89.30 

95.27  i  2.6196 

2.5975 

2.5769 

92.66 

67.5 

46.0 

-83.10 

92,23  i  2.5519 

2.5386 

2.5206 

79.05 

56.0 

- 

77.5^ 

89.29  2.4890 

2.4660 

2.4479 

76.54 

51.3 

46.0 

68.81 

84.20  2.3840 

2.3621 

- 

69.53 

46.5 

- 

65.21 

81.91  2.5419: 

'  2; 3 188 

2.2985 

65.56 

I  47.5 

46.0 

56.26 

75.55  2.2253 

2.5044 

2.1805 

56.26  i 

1  47.0  i 

29.0 

50.03 

70.70  ; 2.1066 

2.0815 

2.0726 

50.03 

i  47.5 

- 

46.48 

67.69  ,i  2.0987 

'2.0791 

2.0605 

37.38 

27.5 

1  57.5 

45.11 

66.51  j  2.0805 

2.0588 

2.0420 

31.20 

4l.O 

1 

37.38 

59.07  ,1.9718 

1.9554 

1.9570 

24,95 

46.5 

1  ^ 

i 

27,81 

48.88  {1.8509 

i  1.8153 

1.7974 

9.74 

57.5 

14.76 

29.48  1.6309 

1.6182 

1.6000 

0.00 

63.5 

- 

0.00 

0.00  1.3907 

1.5777 

1 1.3042 

Fig.  5.  Fig.  6 


(in  per  cent  by  weight).  Inspection  of  the  figure  shows  that  the  variation  of 
the  specific  volume  with  composition  is  linear. 

The  data  on  fusibility  are  given  in  Table  6. 

The  fusibility  diagram  of  the  SbCla  -  CHaClCOOH  system  is  reproduced  in  Fig. 
6.  The  compound  She I3 *01120100011  is  represented  in  the  diagram  as  an  indistinct' 
dystectic  maximum.  The  melting  point  of  the  compound  SbCla'OHaOlOOOH  is 

The  eutectic  points  on  the  fusibility  diagram  are  located  at  72  and  35  mdl.^ 
SbOla  and  k6  and  55° ^  respectively.  The  first  eutectic  corresponds  to  the  arrest 
point  at  the  left  of  the  figure;  we  did  not  observe  eutectic  arrest  points  in  the 
right  half  of  the  diagram. 

On  the  cooling  curve  of  a  mixture  containing  37*38  mol.^  SbCla  we  observed 
two  arrest  points,  one  at  27*5°  >  a-nd  the  other  at  57*5°  •  Obviously,  monochlor- 
acetic  acid  began  to  crystallize  out  as  the  mixture  was  cooled,  subsequently 
making  way  for  the  crystallization  of  the  compound  SbCl3“CH2ClC00H.  Thus,  the 
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crystallization  curve  of  CH2CICOOH  may  be  prolonged  to  2J.^0  mol.^j  this  is 
shown  in  the  diagram  by  the  dashed  line. 

We  also  observed  two  arrest  points  on  the  cooling  curve  of  a  mixture  con¬ 
taining  ^6,26  mol.^  SbCla:  at  ^7**^  corresponding  to  the  crystallization  of  the 
compound  SbCla ‘0120 1C OOH,.  and  at  29°)  the  latter  lies  on  an  extension  of  the 
crystallization  curve  of  SbCla  and  is  so  designated  by  a  dashed  line. 

Summing  up  the  results  of  our  investigation  of  the  SbCla  ~  CH2CICOOH  sys¬ 
tem,  we  note  that  chemical  action  does  i.  take  place  in  this  system.  A  com¬ 
pound  of  equimolecular  composition  is  indicated  on  the  curves  for  all  the  pro¬ 
perties  we  have  investigated.  As  for  the  compound  2SbCla*CH2ClCOOH,  it  is  re¬ 
flected  only  in  the  diagram  of  corrected  conductance.  The  structure  of  the 
.compound  is  obviously  similar  to  that  of  the  compounds  of  SbCla  and  CHaCOOH  [3]. 

SUMMARY 

5., 'The  conductance,  viscosity,  ^ and  density  of^tbb'SbC^a  7.CH2CICOOH  system 
have^been  investigated  at  50,  60,  and  70*« 

^  2,, The  conductance  and  viscosity  diagrams  Indicate  the  existence  of  the 
compc^unds  SbCla  "CHaC  1C OOH,  and  2SbCla°CH2ClC00H. 

3.  The  fusibility  of  the  SbCla“CH2ClC00H  system  has  been  investigated. 

The  fusibility  diagram  shows  the  existencei^of  a  compound  of  equimolecular  com¬ 
position  as  an  indistinct  dystectic  maximum. 
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THE  BINARY  SYSTEMS  CONSTITUTED  BY  Snei4-,  SbClg  and  AsCl 


V,  THE  SbCl-  -  CCl-COOH  SYSTEM 


T.  Sumarokova  and  M.  ITsanovich 


The  conductance,  viscosity,  and  density  of  the  ShCla  —  CCI3COOH  system  have 
been  investigated  at  50^  60,  and  70°,  and  its  fusibility  diagram  has  been 
plotted. 

The  viscosity  data  are  listed  in  Table  1  and  plotted  graphically  in  Fig.  1. 
TABLE  1 

Viscosity  of  the  SbCls  -^CClaCOQH 
system 


Molar  ^ 

T\  ’10^ 

She  I3 

50° 

60° 

70° 

100.00 

3.926 

3.147 

2.660 

80.52 

4,119 

3.236 

2.642 

71.99 

4.179 

3.312 

2.687 

49.03 

it.  377 

3.428 

2.762 

30.07 

4.603 

3.640 

2.870 

18.07 

4.705 

3.735 

2.960 

4.21 

4.806 

3.811 

3.113 

0.00 

4.824 

3.815 

1 

3.033 

! 

^  3  ^ 

Fig.  1. 


The  viscosity  diagrams  are  concave  upward,  but  the  sag  is  not  very  prominent, 
as  the  viscosities  of  the  two  constituents  do  not  differ  very  much. 


The  conductance  data  are  listed  in  Table  2. 


TABLE  2 


Conductance  of  the  SbCla  —  CCI3COOH 
System 


Molar 


K  -105 


SKI3 

Fig.  2. 


3bCl3 

50° 

60° 

70" 

94.61 

1.515 

1.747 

— 

82.16 

2.005 

2.662 

3.157 

80.32 

2.510 

2.474 

3.389 

71.99 

2.400 

2,960 

- 

58.07 

2.150 

2.700 

3.449 

49.03 

1,296 

1,648 

2.009 

40.00 

0.590 

0.723 

1.077 

30.07 

0,268 

0.344 

0.430 

18,07 

- 

0.249 
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The  specific  conductance  is  plotted  as  a  function  of  the  composition  in 
Fig.  2. 

The  conductance  isotherms  exhibit  a  maximum  at  about  70  mol.^  SbCla.  As  the 
temperature  is  raised,  the  conductance  rises,  while  its  maximum  is  shifted  toward 
the  trichloroacetic  acid.  Correcting  the  conductance  for  viscosity  does  not 
change  the  shape  of  the  specific  conductance  curve,  but  the  maximum  on  the  ciirve 
of  corrected  conductance  now  lies  at  67  mol.^  SbCla  and  does  not  shift  as  the 
temperature  is  changed  (Fig.  5)* 

The  results  of  our  computation  of  the  corrected  conductance  are  shown  in 
Table  5* 


Fig.  5.  •  '  Fig.  4. 


TABLE  3  TABLE  4 


Corrected  Conductance  of  Temperature  Coefficient 

the  SbCla  CCI3COOH  System  of  Conductance 


Mol.  ^ 

Kn  -107 

Mol. i  SbCla 

a  (in 

SbCla 

.,^0! _ 

So^ 

"'•’90.0 

1.66 

94.61 

6.044 

5.515 

80.0 

1.70 

82.16 

8,180 

8.778 

75.0 

1.84 

80.32 

9.510 

- 

70.0 

1.98 

71.99 

10.030 

9.916 

65.0 

2.14 

58.07 

,  9.210 

9.150 

60.0 

2.22 

49.03 

5.670 

5.650 

55.0  . 

2.28 

40.00 

2.660 

2.567 

50.0 

2.33 

30,07 

1.230 

1.252 

45.0 

2.22 

18,07 

0.280 

0.562 

40.0 

2.12 

50.0 

2.00 

We  note  in  Table  3  that  there  is 

very  little  difference  between  the  values  of  the  corrected  conductance  for  ^0 
and  60® . 

The  values  of  the  temperature  coefficient,,  calculated  from  the  smooth  curve 
of  specific  conductance  between  the  temperatures  of  50  and  60®,  are  listed  in 
Table  4. 

The  variation  of  the  temperature  coefficient  of  conductance  with  composi¬ 
tion  is  shown  graphically  in  Fig.  4.  As  we  see  from  the  figure,  the  tempera¬ 
ture  coefficient  of  conductance  fluctuates  between  1.66  and  2.3^^  so  that,  "1 
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although  we  give  the  temperature  coefficient,  the  maximum  of  which  corresponds 
to_  a  compound  of  equimolecular  composition,  we  do  not  attach  much  significance 
to' this  curve. 

The.  density  of  the  ShCla  —  CCI3COOH  system  is  given  in  Table  5« 


TABLE  5 

Density  of  the  SbCla  -  CCI3COOH  System 
Per  cent  SbCls _  Density _ 


Molar 

By  Wt. 

50° 

— 5o^^ 

70° 

100.00 

100.00 

2.7352 

2.7148 

2.6830 

80.32 

85.07 

2.4784 

2,4517 

2.4388 

58.07 

65.92 

2.2088 

2.1905 

2.1755 

40.00 

48.21 

2.0094 

1.9915 

1.9759 

18.0 

25.46 

1.7870 

1.7706 

1.7565 

0.00 

0.00 

'1.6156 

1,6070 

1.5864 

Fig.  5. 


The  variation  of  the  specific  volume  with  the  composition  (in  per  cent  by  • 
weight)  is  shown  in  Fig.  5* 

As  we  see  in  Fig.  the  specific  volume  is  a  linear  function  of  composi¬ 
tion. 

A  comparison  of  our  viscosity  and  conductance  findings  leads  us  to  conclude 
that  chemical  reaction  takes  place  in  this  system.  As  we  have  seen,  the  diagrams 
reflect  the  compoimds  2SbCl3“CCl3C00H  and  SbCl3“CCl3C00H. 

We  likewise  investigated  the  fusibility  of  our  system,  the  results  being 
given  in  Table  6. 

TABLE  6 


Fusibility  of  the  SbCl3  “  CCI3COOH  System 


The  fusibility  diagram  is  reproduced  in  Fig.  6.  This  diagram  exhibits  a 
dystectic  maximum  representing  the  compound  SbCl3 ‘CCI3COOH  with  a  m.p.  of  5^°, 
and  two  eutectics,  located  at  58  and  26  mol.^,  with  m.p.  of  53-5  und  4-8°, 
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respectively.  The  cooling  curves  for  71«99^  62. 50^  59*^8^  ^8.0'Jf  and  21.91  mol.^ 
SbCls  exhibit  arrest  points  at  44®,  the  arrest  point  at  44®  preceding  critical 
points  that  represent  the  crystallization  of  the  compound  SbCls'CClaCOOH  out  of 
the  mixtures  containing  62.30,  59«48,  and  58*07  mol.^  SbCla.  We  believe  that 
these  critical  points  represent  the  crystallization  of  the  eutectic  with  a  m.p. 
of  44®,  located  in  the  metastable  region  and  having  40  mol.^  SbCla.  The  exist¬ 
ence  of  this  eutectic  is  also  borne  out  by  the  fact  that  this  temperature  and 
composition  correspond  to  the  point  where  the  crystallization  curves  of  SbCla 
and  CCI3COOH  intersect,  indicated  in  the  figure  by  dashed  lines.  As  for  the 
thermal  arrest  points  at  50“  for  the  mixtures  containing  58. 07,  49.05,  40.0,  and 
30.07  mol.^  Sbda,  they  may  be  due  to  the  existence  of  the  compound  SbCla’CClaCOOH 
in  two  modifications.  We  plotted  a  Tammann  diagram  for  these  arrest  points, 
represented  in  the  diagram  by  dot-dash  lines  (-*-»“),  to  check  this  assumption. 

The  duration  of  these  arrest  points  was  longest  for  the  mixture  with  49.03  mol.^ 
SbCla,  which  bore  out  our  assumption. 

To  sum  up  the  results  of  our  research,  the  diagrams  of  conductance,  vis¬ 
cosity,  and  fusibility  lead  us  to  conclude  that  acid-base  interaction  occurs  in 
this  system,  resulting  in  the  formation  of  the  compounds  SbCla’CClaCOOH  and 
2SbCl3 ‘001300011.  The  composition  of  these  compounds  resembles  that  of  the  com¬ 
pounds  of  SbOls  with_0fl3000H  and  OH2CIOOOH  [1,2]  j  their  structure  is  obviously 
similar  as  well. 

We  consider  the  interaction  of  Sb0l3  with  OOI3OOOH  to  be  acid-basic  for  the 
following  reasons,  which  we  believe  to  be  beyond  cavil.  The  SbOls  —  OOI3OOOH 
system  is  a  conductor^  the  dissociation  of  the  CClsCOOH  is  precluded  by  the  abs¬ 
ence  of  a  proton  acceptor)  hence,  the  SbCl3  dissociates.  The  SbCl2  cation  can¬ 
not  exist  independently,  however,  and  adds  a  molecule  of  CCI3COOH  owing  to  addi¬ 
tional  valence  of  the  oxygen  atom.  The  CCI3COOH  thus  acts  as  an  oxonium  com¬ 
pound,  while  SbCls  acts  as  an  acid.  The  same  conclusions  follow  from  consider¬ 
ation  of  the  diagram  of  the  dissociation  of  the  coordination  compound  SbCl3* 
CCI3COOH,  since  the  only  possible  anion  in  this  case  is  Cl.  It  is  highly  inter¬ 
esting  that  none  of  the  protonic  acids,  with  the  sole  exceptions  of  H2SO4  [3], 
and  HCIO4  [4],  convert  CCI3COOH  into  an  oxonium  compound. 

The  compounds  we  have  synthesized  are,  as  far  as  we  know,  the  first  known 
instance  of  the  addition  of  CCI3COOH  as  an  additive,  that  is,  an  oxonium  base. 

SUMMARY 

1.  A  study  has  been  made  of  the  conductance,  viscosity,  and  density  of  the 
SbCl3  —  CCI3COOH  system  at  30,  60,  and  70* . 

2.  The  conductance  and  viscosity  diagrams  Indicate  the  existence  of  acid- 
basic  interaction  between  the  system  constituents.  The  diagrams  reflect  the 
compounds  SbCls'CClsCCX)!!  and  2SbCl3 ‘001300011. 

5.  The  fusibility  of  the  SbCls  —  CCI3COOH  system  has  been  investigated. 

The  fusibility  diagram  exhibits  the  compound  SbCl3"CCl3C00H  as  a  dystectic  max¬ 
imum  with  a  m.p.  of  56®. 

Thus,  the  first  Instance  has  been  discovered  of  OOI3OOOH  acting  as  an  addi¬ 
tive  or  an  oxonium  compound. 
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ELECTROLYTIC  BRASSPLATING  PROM  NON-CYANIDE  SOLUTIONS 


A.  I,  Stabrovsky 


Varioufl  prescriptions  for  noncyanide  baths  have  been  suggested  as  replace¬ 
ments  for  cyanide  salts  in  bfassplating  baths »  Donald  [i],  proposed  a  bath  con¬ 
taining  a  high  percentage  of  sodium  thiosulfate  for  the  deposition  of  copper  and 
its  alloys  at  the  cathode.  Darlington  [2]  deposited  a  brass  alloy  on  the  cathode 
from  an  ammoniacal  solution  containing  the  tartrates  or  oxalates  of  the  metals 
•to  be  depositedo  Tumanov  [j]  proposed  the  use  of  an  ammoniacal  bath  for  brass¬ 
plating.  Go  Dorini  [4]  gave  a  formula  for  a  brassplating  bath  containing  ammonium 
lactate.  Sukhodsky  and  his  associates  [5]  have  shown  that  brass  may  be  deposited 
on  the  cathode  from  alkaline  baths  that  contain  tartrates, 

Not*i*lthstandlng  the  variety  of  formulas  suggested  for  noncyanide  baths,  none 
them,  has  been  applied  industrially  up  to  the  present  time 5  we  were  therefore 
interested  in  making  a  more  detailed  study  of  so.lutlons  of  various  noncyanide 
coordination  compounds  of  copper  and  zinc,  with  the  objective  of  determining  the 
fea.siblllty  of  brassplating  without  cyanides.  We  used  as  our  research  objects 
so.lutlons  of  copper  and  zinc  chlo.fides,  thiocyanates,  and  thiosulfates,  with 
glycerol  and  Rochelle  salt,  as  well  as  with  ammonia,  pyrophosphates,  and  oxal¬ 
ates. 

E.XPE.Rr.MENTAL 

1.  The  conditions  governing  the  cathodic  deposition  of  brass.  The  deposi¬ 
tion  of  brass  at  the  cathode  from  noncyanide  solutions  requires  that  the  rever- 
fiible  electrode  potentials  of,  copper  and  zinc,  as  well  as  the,  deposition  poten¬ 
tials  of  these  metals,,  be  made  similar.  The  reversible  electrode  potentials 
may  be  brought  closer  together  by  the  formation  of  complex  Ions,  as  is  the  case 
with  tne  cyanides.  The  deposition  potentials  may  be  brought  closer  together: 
by  setting  up  a  difference  in  the  rate  of  increase  of  cathodic  depolarization  of 
copper  and  zinc  during  electrolysis.  The  depolarizing  effect  of  the  heat  of 
+  oriiiatlcn  of  a  copper-zinc  solid  solution  likewise  promotes  the  rapprochement 
of  the  deposition  potentials, 

?_s.  Rapprochement  of  the  reversible  electrode  potentials  of  copper  and  zinc 
means  of  the  formation  of  coordination  compounds.  In  a que ous  solutions, 
complex  salts  are  dissociated  into  ions  and  conduct  electricity  like  simple  salts, 
sc  that  they,  too,  are  electrolytes.  The  dissociation  of  complex  salts  Into 
lori.3  takes  place  in  two  stages.  The  initial  dissociation  involves  the  formation 
of  complex  ionsj  the  secondary  dissociation  entails  the  appearance  of  simple  ions 
of  the  metal  in  the  solution.  The  following  reaction  may  serve  as  an  instance 
the  secondary  dissociation  of  complex  ions  into  their  component  parts; 

Cu(NHs)4++  +  4NH3  (1) 

The  equilibrium  constant  of  this  reaction,  called  the  instability  cohstant, 
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is  a  measure  of  the  decomposition  of  the  complex  ion  into  its  constituents  and 
is  defined  as  the  ratio  of  the  product  of  the  activities  of  the  resulting  ions 
to  the  activity  of  the  complex  ions,  i.e.: 

,4 

(2) 


^Cu++  ‘  ^NHn 


=  K. 


Cu(NH3). 


At  constant  concentrations  of  the  central  atom  in  the  coordination  compound 
(copper)  and  of  the  coordinated  group  (ammonia),  the  size  of  the  instability 
constant  is  proportional  to  the  concentration  of  active  simple  ions  of  the  metal 
in  the  solution.  We  see  from  Equation  (2)  that  the  magnitude  of  the  instability 
constant  may  be  readily  calculated,  once  we  know  the  activity  of  the  simple 
copper  ions  in  the  solution,  since  the  activities  of  the  other  substances  enter¬ 
ing  into  the  equation  may  be  found  in  the  appropriate  handbooks. 

The  activity  of  simple  ions  of  copper  or  zinc  in  solutions  of  their  complex 
was  determined  by  measuring  the  emf  of  concentration  cells.  The  activities  are 
then  calculated  from  the  equation; 


RT  T 

=  — =  In  , 
nF  &£ 


(5) 


where  ai  is  the  activity  of  the  metal  ions' in''' a 'solution  of  a  simple  salt,  and 
ag  is  the  activity  of  the  same  ions  in  the  complex  salt  solution.  The  results 
of  our  determinations  of  the-  instability  constants  are  listed  in  Table  1. 

TABLE  1 

Instability  Constants  of  Complex  Ions  of  Copper  and  Zinc  (l8°C)s  -  S 


No. 

Formula  of  the  coordina¬ 
tion  compound 

Concentration 

of  the  central 
atom  in  the 
coordination 
compound, , 
moles /liter 

Concentration 
of  the  coor¬ 
dinated  group, 
moles/liter 

Instability 

constant 

1 

K2CUCI3  . 

0.05 

0.672 

5.01”10‘® 

2 

Na3Cu(P207)2« .......... 

0.05 

0.100 

3.10*10“^° 

3 

Na2Cu(C204)2  . 

0.01 

0.040 

2.05«10’^° 

4 

Na3Cu( 8203)2  . . 

0.05 

0.100 

2.05*10"^2 

5 

KCu(CNS)2  . . 

0.05 

3.090 

7.83*10‘^3 

6 

NaCu(C3H5Q3)  .......... 

0.05 

0.100 

4..20-10‘^3 

7 

K2Cu(C4H206)  . 

0.05 

0.075 

6.72-10“^^ 

-8 

Cu(NH3)4S04  . . . 

0.05 

0.600 

4.85-10“^^ 

9 

K2Cu(CN)3  . 

0.05 

0.150 

1.66‘10‘2^ 

10 

Na6Zn(P20y)2  . 

0.05 

0.100 

5. 74- 10"® 

11 

Na4Zn (0004)3  . 

0.01 

0.030 

7.05-10"® 

12 

Zn(NH3)4S04  . 

0.05 

0.600 

4.27-10"^° 

13 

K2Zn(CN)4  . 

0.05 

0.200  1 

2.52-10"^® 

Ik 

Na2Zn(0H)4  . . 

0.05 

0.670 

5.35*10"^® 

We  see  in  Table  1  that  the  instability  constant  of  complex  copper  ions  is 
smaller  than  the  instability  constant  of  complex  zinc  ions  in  pyrophosphate, 
oxalate,  ammoniacal,  and  cyanide  solutions.  Hence,  the  concentration  of  simple 
copper  ions  in  these  solutions  will  be  lower  than  the  concentrations  of  simple 
zinc  ions. 
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This  Indicates  that  the  active  c one ^'ntr'at inns  of  simple  ions  of  Cu  and  Zn 
,may  vary  over  a  wide  range  in  different  solutions,  depending  upon  the  nature  of 
the  complex  salts o  Inasmuch  as  the  reversible  electrode  potential  depends  upon 
the  active  concentration  of  simple  ions  of  the  metal,  we  can  bring  the  reversible 
electrode  potentials  of  copper  and  zinc  closer  together  or  farther  apart  by 
changing  the  concentration  of  the  metal's  ions  in  the  solution  as  the  result  of 
the  formation  of  a  coordination  compound.  In  measuring  the  reversible  electrode 
potentials  of  copper  and  zinc  in  solutions  of  complex  salts,  we  used  the  concen¬ 
trations  of  the  initial  substances  given  in  Table  1.  The  simple  copper  and  zinc 
salts  in  solution  totaled  O.O5  mole  for  each.  The  results  of  our  measurements 
are. given  in  Table  2.  We  see 
from  the  Table  that  the  dif¬ 
ference  between  the  rever¬ 
sible  electrode  potentials 
of  copper  and  zinc  in  solu¬ 
tions  of  complex  salts  is 
less  than  in  solutions  of 
simple  salts.  The  p-, d.  be¬ 
tween  the  reversible  elec¬ 
trode  potentials  drops  from 
1.1  to  0.i<-57  volt  in  the 
transition  from  solutions  of 
copper  and  zinc  sulfates  to 
solutions  containing  pyro¬ 
phosphates,  oxalates,  ammonia, 
and  cyanides.  In  solutions 
containing  thiocyanates,  thio¬ 
sulfates,  and  chlorides,  where 
the  copper  is  present  as  a 
complex  salt,  with  the  zinc  as 
a  simple  salt,  the  p.d.  of  the 
irreversible  electrode  poten¬ 
tials  ranges  from  O.5OO  to 
0.977  volt. 

The  figures  enumerated  in 
Table  2  indicate  that  in  non¬ 
cyanide  solutions,  as  in  cyan¬ 
ides,  the  reversible  electrode 
potentials  of  copper  and  zinc 
can  be  brought  much  closer  to¬ 
gether  by  the  formation  of  co¬ 
ordination  compounds a 

3.  Cathodic  polarization 
of  copper  and  zinc  during  their 
deposition  from  solutinns  of  complex  salts.  We  made  a  study  of  the  complexes 
‘listed  in  Table  1  in  order  to  learn  the  effect  of  the  cathodic  polarization  of 
copper  and  zinc  upon  the  rapprochement  between  the  (deposition  potentials  of 
these  metals  when  deposited  from  complex  salt  solutions.  The  results  of  these 
researches  have  been  described  at  length  earlier.  In  the  present  paper  we  shall 
cite  merely  the  results  of  our  investigations  of  the  most  typical, -solutions.  The 
concentration  of  the  initial  substances  in  the  solutions  and  the  formulas  of  the 
complex  salts  are  listed  in  Table  3«  If  we  denote  the  reversible  electrode 
potential  of  the  metal  by  Eq  and  the  deposition  potential  by  E^,  then  the  differ¬ 
ence  between  the  deposition  potential  and  the  reversible  electrode  potential  will 


TABLE  2 

Difference  Between  the  Reversible  Electrode 
Potentials  of  Copper  and  Zinc  in  Solutions  of 
Salts  of  These  Metals,  as  a  Function  of  the 
Compounds  Employed  (l8°C) 


No. 

Formula  of  the 
copper  or  zinc 
compound 

Reversible  elec¬ 
trode  potential, 
volts 

P.D., 

volts 

copper 

zinc 

■{ 

CUSO4  ...... 

ZnS04  ...... 

+0.285 

-0.815 

1.100 

Na6Cu(P207)2 
NaeZn ( P2O7 ) 2 

+0.082 

-0.972 

1.054 

Na2Cu(C204)2 

Na4Zn(C204)3 

+0.095 

-0.915 

1.008 

Cu(NH3)4S04. 

Zn(NH3)4S04. 

-0.080 

-1.056 

0.956 

Na2Cu(CN)3. . 
Na2Zn(CN)4. . 

-0,620 

-1.077 

0.457 

K2CUCI3 . 

ZnS04 ....... 

+0.162 

-0,815 

0.977 

Na3Cu( 8203)2 
ZnS04 . 

-0.120 

-0,815 

0.695 

KCu(CNS)2  .. 
ZnS04  . 

-0.315 

-0.815 

0.500 

•  13.35 


TABLE  5 


Concentration  of  Initial  Substances  in  Tested  Solutions  and  Formulas 
of  Coordination  Compounds  of  Copper  and  Zinc 


1  Solutions  of  Copper  Salts 

Initial 

substances 

Cone,. , 
moles 
per 
liter 

Formulas  of 

coordination 

compounds 

1 

— 

Solutions  of  zinc  salts 


No. 


Initial  rJ 
substances 


Cone . , 
moles 
per 
liter 


Formulas  of 
coordination 
c  ompounds 


CuS04-5H20 

Na4P207 • 
IOH2O 

CuS04»5H20 
Na2C  O3 
NH4OH  (25^^, 

CuS04"5H20 

N&2C2O4 

CuS04»5H20 
Na2S0s 
Na2C  O3 
NaCN 

CuS04»5H20 

C3H8O3 

(glycerin) 
NaOH 


NaCu(C3H503) 


ZnS04  •  7H2O. 

Na4P207- 

IOH2O 

ZnS04 • 7H2O 
Na2C03  I 
NH4OH  (25^) 

ZnS04 - 7H2d ' 

Na2C204 

I 

ZnS04-7H20  i 

Na2C03 

NaCN 

ZnS04*7H20 

NaOH 


'lk.3 

U4.6  I 

Ik. 3 
10.0 
50.0 

4.5 

25.0 

14.5 
10.0 
10.0 

14.5 
100.0 


Na6Zn(P207)2 

Zn(NH3)4(0H)2 
"  Na4Zn(C204)3 

S  Na2Zn(CN)4 

[  Na2Zn(0H)4 


be  the  cathodic  polarization  of  this  metal,  AE,  viz. ; 

E^  -  Eo  =  A  E.  (4) 

In  the  electrolysis  of  the  solutions  listed  in  Table  5^  the  cathode  poten¬ 
tial  of  copper  becomes  more  highly  electronegative  than  does  the  cathode  poten¬ 
tial  of  zinc  as  the  C.D.  is  raised.  This  causes  the  deposition  potentials  of 
the  two  metals  to  come  closer  together,  as  is  readily  seen  in  the  polarization 
curves  of  Figs.  1  and  2. 


Fig.  1.  Curves  of  the  decomposition 
of  copper  from  the  following  solutions: 

1)  Na2Cu(C204)2  (0.01  molar);  2)  Cu(NH3)4(CW)2  (0.05 
molar);  3)  NaeCu(P207)2  (0.05  molar);  4)  NaCu(C^g03) 
(0.05  molar);  5)  rai20u(CN)3  (0.05  molar). 


Fig.  2.  Curves  of  the  deposition 
of  zinc  from  the  following  solutions? 
1)  Zn(NH3)4(IPF)2  (0.05  molar);  2)  Na4Zn(C204)3 
(0.01  molar);  3)  NaeZn(P207)2  (0.06  molar): 

4)  Mi2Zn(CN)4  (0.05  molar):  5)  Na2Zn(»’)4 
(0.05  molar). 
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This  is  mainly  due  to  the  low  concentration  of  simple  copper  ions,  com¬ 
pared  to  that  of  the  simple  ions  of  zinc,  in  the  solutions  of  the  corresponding 
complex  salts,  since  the  instability  constants  of  copper  coordination  compounds 
(Table  l)  are  much  smaller  than  the  Instability  constants  of  the  zinc  compounds 
in  solutions  containing  the  same  coordinated  group.  The  values  of  cathodic 
polarization  of  copper  and 
zinc  at  a  C.D.  of  O.5  amp 
per  sq.  dm  are  listed  in 
Table  4,  We  see  from  this 
table  that  the  cathodic 
polarization  (overvoltage) 
of  copper  in  variovis  solu¬ 
tions  of  its  coordination 
compounds  ranges  from 
0.828  to  1.184  volts, 
while  the  zinc  overvoltage 
does  not  exceed  0.420  volt. 

4.  Simultaneous  de¬ 
position  of  copper  and  zinc 
at  the  cathode  from  solu¬ 
tions  of  complex  salts. 

The  simultaneous 
cathodic-  deposition  of  cop¬ 
per  and  zinc  from  solutions 
of  mixtures  of  copper  and 
zinc  salts  requires  that 
their  deposition  potentials 
be  alike.  In  solutions  of 
their  simple  salts  where 
the  difference  between  the 
normal  potentials .of  copper  and  zinc  is  1.1  volts,  the  deposition  potentials  of 
these  metals  cannot  be  brought  close  enough  together.  The  deposition  potentials 
of  copper  and  zinc  are  brought  close. together  during  the  electrolysis  of  solu¬ 
tions  of  their  complex  salts  as  the  result  of  the  differences  in  the  increases 
in  their  overvoltages. 

The  results  of  measuring  the  deposition  potentials  of  copper  and  zinc  in 
solutions  of  simple  and  complex  salts  at  a  cathode  C.D.  of  O.5  amp/sq  dm  are 
given  in  Table  The' composition  of  these  solutions  is  given  in  Table  3. 

These  measurements  indicate  that*  the  difference  between  the  deposition  po¬ 
tentials  of  zinc  and  copper  is  1.139  volt  in  solutions  of  their  simple  salts. 

In  solutions  of  the  noncyanide  complex  salts  the  difference  between  the  deposi¬ 
tion  potentials  of  zinc  and  copper  drops  as  low  as  0.290-0.211  volt.  In  the 
cyanide  solution  and  in  the  solutions  in  which  copper  is  present  as  a  coordina¬ 
tion  compound,  while  zinc  is  present  as  a  simple  salt,  the  deposition  potential 
of  zinc  is  more  electropositive  than  the  deposition  potential  of  copper.  As  our 
experiments  have  shown,  copper  and  zinc  can  be  simultaneously  deposited  from  a 
solution  of  their  complex  salts  fairly  readily  at  a  cathode  C.D.  of  0.4-0. 5 
amp/sq  dm,  provided  the  difference  between  the  deposition  potentials  of  the  zinc 
and  the  copper  is  0.2-0. 3  volt. 

In  the  simultaneous  cathodic  deposition  of  copper  and  zinc,  the  deposition 
potential  of  the  zinc  is  shifted  toward  the  electropositive,  approaching  the 
value  of  the  deposition  potential  of  copper,  as  the  result  of  the  energy  of  form¬ 
ation  of  the  copper-zinc  solid  solution.  The  polarization  curves  of  Fig.  3^ 
plotted  in  the  deposition  of  copper,  zinc,  and  brass  from  solutions  of  pyrophos- 


TABLE  4 


Cathodic  Polarization  of  Copper  and  Zinc  in  the 
Electrolysis  of  Their  Complex  Salt  Solutions. 

C.D.  =  0.5  Amp/Sq.Dm;  Solution  Temperature:  l8-20° 


No. 

Formulas  of 
complex  salts 
of  copper  and 
zinc 

Revers¬ 

ible 

electrode 
potential, 
Eo^  volts 

Deposi¬ 

tion 

potential, 
E(j,  volts 

Cathodic 

polariz¬ 

ation, 

E^  -  Eo  = 
=  =  A  E, 
volts 

1 

NaeCu(P207)2 

+0.082 

-1.102 

1.184 

2 

Cu(NH3)4(0H)2 

+0.051 

-1.042 

1.‘093 

3 

Na2Cu(C204) 2 

+0.044 

-1.016 

1.060 

4 

NaCu(C3H503) 

-0.125 

-1.262 

1.137 

5 

Na2Cu(CN)3 

-0.620 

-1.448 

0.828 

6 

NasZn ( P2O7 ) 2 

-0.972 

-1.392 

0.420 

7 

Zn(NH304(0H)2 

-1.040 

-1.305 

0.265 

8 

Na4Zn(C204)3 

-0.926 

-1.292 

0.366 

9 

Na2Zn(CN)4 

-1.077 

-1.424 

0.347 

10 

Na2Zn(0H)4 

-1.255 

-1.473 

0.218 
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phate  complex  ions,  may  be  cited  as  examples  that:  illustrate  the  depolarizing 
effect  of  the  energy  of  formation  of  the  copper-zinc  solid  solution  upon  the 
deposition  potential  of  zinc.  We  see  from  the  figure'  that  as  the  current  den¬ 
sity  rises,  the  deposi- 
tion  potentials  of  cop¬ 
per  (curve  l)  and  of  zinc  TABLE  5 

(Curve  2)  come  closer  Difference  Between  the  Deposition  Potentials  of  Cop- 

oge  ®  erence  Zinc  in  their  Cathodic  Deposition  from  Solu- 

e  ween  e  on  tions  of  Simple  and  Complex  Salts  (Cathode  C.D.  = 

potentials  of  ^nc  and  ^  /g  ^  Temperature  =  18-20“ 

copper  drops  to  0.270  _ _  ^ 

volt  at  a  cathode  C.D.  Formulas  of  Copper  C  Zinc  de-  Difference 

of  0.6  amp/sq  dm.  *  copper' and  zinc  deposi-  position  between  de- 

,  salts  tibn  p6-'  poten-  position 

When  copper  and  tentlal,  tlal,  potentials, 

zinc  are  deposited  sim-  „ 

ultaneously  at  the  cath-  vo  s  vo  s  2n  - 

ode  from  a  solution  con- _ _ _ =':  E,  volts 

taining  a  mixture  of  ^ 

copper  and  zinc  complex  Z^SO^  +0.261  -O.878  1.139 

ions,  the  deposition  ^ 

potential  of  brass  be-  2  Na6Cu(P207)2  _1.102  -1.392  0.2Q0 

comes  much  more  electro-  Na6Zn(P207)2  *  *  '  '  ^ 

positive  than  the  de-  _  k  n,  (n  n  \ 

position  potential  of  Ha^L  C2O4  3 

zinc  at  a  C.D.  of  as 

little  as  0,1  amp  per  k  Cu(NH3)4(0H)2  quo  ^0=  0  26^ 

sq,  dm,  its  magnitude  Zn(NH3)4(0H)2  *  *  . 

approaching  that  of  the  w  p  w  n  ^ 

deposition  potential  of  ^  Zn(0Hl  ^  -1.262  -1.473  0.211 

copper.  As  the  C.D.  a2  n  4  , 

rises,  the  deposition  6  Na2Cu(CN)3  ^  .  .  o  ,  . p.  _ 

potential  of  brass  be-  Na2Zn(CN)4 

comes  more  electroposi-  won 

tive  than  the  deposition  '  ^  -1.054  -O.878  - 

4-  4.4  T  4:.  ZnS04 

potential  of  copper,  as 

is  seen  from  the  inter-  8  Na3Cu( 8203)2  0  878  - 

section  of  the  polariza-  ZnS04 

tion  curves.  This  proves  ^  „  ('pwq^ 

that  the  simultaneous  ^  ^  -1.225  -O.878  - 

cathodic  deposition  of  ^4 

copper  and  zinc  involves 

the  mutual  depolarizing  effect  of  these  metals  upon  their  deposition  potentials, 
tending  to  reduce  the  latter.  Similar  polarization  curves  were  secured  when  we 
measured  the  deposition  potentials  of  copper,  zinc,  and  brass  from  the  solutions 
of  the  other  complex  salts  listed  in  Table  3*  This  method,  involving  the  use  of 
polarization  curves,  was  emp]Q.yed  in  the  initial  stage  of  the  present  research  to 
explore  the  theoretical  prerequisites  for  the  cathodic  deposition  of  brass  from 
solutions  of  noncyanide  complex  salts  of  copper  and  zinc.  In  the  ensuing  tests, 
these  solutions  were  used  to  secure  practical  cathodic  copper-izinc  deposits  con¬ 
taining  up  to  75^  of  zinc. 


No. 

Formulas  of 
copper'  and  zinc 
salts 

8opper  C: 
deposi- 
tibn  p6-' 
tential, 
volts 

Zinc  de¬ 
position 
poten¬ 
tial, 
volts 

Difference 
between  de¬ 
position 
potentials, 

®8u“®Zn  = 

="  E,  volts 

1 

CUSO4 

ZnS04 

+0.261 

-0.878 

1.139 

[ 

2 

Na6Cu(P207)2 
NasZn (P207)2 

-1.102 

-1.392 

0 . 290 

3 

Na2Cu (8204)2 
Na4Zn (8204)3 

-1.016 

-1.292 

j  0.276 

4 

8u(NH3)4(0H)2 

Zn(NH3)4(0H)2 

-1.042 

-1.305 

0.265 

5 

Na8u(83H503) 
Na2Zn(0H)4  , 

-1.262 

-1.473 

0.211 

6 

Na28u(8N)3 

Na2Zn(8N)4 

-1.448 

-1.424 

- 

7 

K28U8I3 

ZnS04 

-1.054 

-0.878 

- 

8 

Na38u( 8203)2 
Zn804 

-1.155 

-0.878 

- 

9 

K8u(8N8)2 

Zn804 

-1.225 

-0.878 

Thus,  this  research  has  proved  that  copper  and  zinc  can  be  deposited  simul¬ 
taneously  from  solutions  of  noncyanide  complex  salts  just  as  readily  as  from 
solutions  of  complex  cyanides. 

In  our  study  of  the  properties  of  the  copper-zinc  coatings  deposited  from 
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non-cyanide  solutions,  we  found  that 
these  coatings  were  unsuitable  for 
use,  in  most  instances,  as  electro¬ 
plating  coatings.  The  most  satis¬ 
factory  coatings,  as  far  as  electro¬ 
plating  quality  is  concerned,  were 
produced  in  the  oxalate  bath  and  in 
the  alkaline  bath  containing  gly¬ 
cerol. 


SUMMARY 


Fig.  3o  Curves  of  the  deposition 
potentials  of  copper,  zinc,  and  brass 
from  the  following  solutions. 


1  In  an  investigation  of  solu-  (0.05  molar);  2)  NagZD(P207)2 

tions  of  various  complex  salts  of  (0.05  molar);  3)  ffegCu(P207)2  (0.06  molar)  + 

copper  and  zinc  it  has  been  found  Na0Zn(P2O7)2  (0.05  molar), 

that  the  instability  constants  of 
complex  copper  ions  are  smaller 

than  the  instability  constants  of  complex  zinc  ions  in  pyrophosphate,  oxalate, 
and  ammoniacal  solutions,  exactly  as  is  the  case  in  cyanide  solutions.  There¬ 
fore,  the  concentration  of  simple  copper  ions  in  these  solutions  decreases  faster 
during  the  formation  of  a , coordination  compound  than  does  the  concentration  of 
simple  zinc  ions. 

2.  It  has  been  shown  that  in  solutions  containing  chlorides,  thiocyanates, 
thiosulfates,  oxalates,  pyrophosphates,  and  ammonia,  the  reversible  electrode 
potentials  of  copper  and  zinc  come  much  closer  together  than  they  do  in  their 
sulfate  solutions.  In  the  electrolysis  of  these  solutions,  as  well  as  of  alk¬ 
aline  solutions  containing  glycerol,  the  rapprochement  of  the  copper  and  zinc 
deposition  potentials  is  due  to  the  difference  in  the  increase  of  cathodic 
polarization  of  the  deposited  metals.  At  a  cathodic  C.D.  of  0.5  amp/sq  dm, 
the  difference  between  the  deposition  potentials  of  copper  and  zinc  does  not 
exceed  0.290  volt. 


2.  It  has  been  found  that  when  a  solution  of  a  mixture  of  noncyanide  com¬ 
plex  salts  is  electrolyzed,  copper  and  zinc  are  simultaneously  deposited  on  the 
cathode,  in  most  instances,  at  a  C.D.  of  0.4-0. 5  amp/sq  dm.  Using  different 
electrolysis  conditions  made  it  possible  to  achieve  cathodic  copper-zinc  depos¬ 
its  in  practice  that  contained  up  to  75^  of  zinc. 

4.  This  research  has  proved  that  the  simultaneous  cathodic  deposition  of 
copper  and  zinc  can  be  as  readily  effected  at  a  relatively  low  C.D.  from  solu¬ 
tions  of  their  noncyanide  complex  salts  as  from  cyanide  solutions.  In  most  in¬ 
stances,  however,  the  resulting  copper-zinc  deposits  are  unsatisfactory  as 
electroplating  coatings.  The  most  satisfactory  brass  coatings,  as  far  as 
electroplating  quality  is  concerned,  were  secured  in  the  oxalate  bath  and  in 
the  alkaline  bath  containing  glycerol. 
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THE  CRYOSCOPIC  CONSTANTS  AND  TRANSITION 
POINTS  OP  THE  n- ALKANES  Ce  -  C 20 

M. D. Tilicheev,  V. P. Peshkov,  *  and  S. A.  Yuganova 


In  connection  with  a  research  project  on  the  preparation  of  pure  n- 
alkaneSj,  we  found  it  necessary  to  make  a  systematic  determination  of  the  purity 
of  these  hydrocarbons.  As  we  know,  the  purity  of  a  hydrocarbon  is  given  by  the 

H  .  100  -  A  t,  (1) 

where  N  =  the  molar  per  cent  of  the  principal  constituent. 

A  =  the  cryoscoplc  constant  characteristic  of  each  hydrocarbon,  in  molar 
per  cent  per  degree. 

t  =  the  depression  of  the  initial  freezing  point  of  the  pure  hydrocarbon 
caused  by  impurities. 

As  we  see  in  Equation  (l),  calculation  of  the  purity  of  a  hydrocarbon  re¬ 
quires  the  precise  values. of  the  crystallization  points  of  the  pure  hydrocarbon 
and  its  cryoscoplc  constant. 

The  present  paper  deals  with  the  experimental  determination  of  the  cryoscoplc 
constants  of  the  n-alkanes.  We  also  investigated  the  transition  points  of  the 
n-alkanes.  Inasmuch  as  these  points  may  be  of  service  in  determining  the  purity 
of  n-alkanes. 

Characteristics  of  the  initial  hydrocarbons.  We  prepared  n-hexane  by  hydro¬ 
genating  heptyl  alcohol.  We  prepared  n-heptane  from  standardized  n-heptene, 
which  was  refined  with  sulfuric  acid  and  then  distilled  into  a  tower  with  an 
efficiency  of  33  theoretical  trays  under  operational  conditions. 

The  n-octane  was  synthesized  by  M. I.Rosengart. 

The  n-nonane  was  prepared  by  hydrogenating  decyl  alcohol. 

The  Cio  ~  Ci9  n-alkanes  were  Isolated  by  M.D. Tilicheev  and  Yu.M.Kachmarchik 
from  the  hydrogenated  distillate  of  cracking  paraffin. 

The.  n-eico sane  was  synthesized  by  N.I.Shulkin  and  N. A.Pozdnyak,  and  under¬ 
went  further  refining  before  use.  The  constants  of  these  initial  hydrocarbons 
are  listed  in  Table  1, 

Experimental  procedure.  The  method  of  determining  the  crystallization  point 
of  n-alkanes  has  been  described  in  detail  in  our  previous  paper  [1]. 

The  apparatus  used  to  cool  the  tested  hydrocarbons  is  shown  in  Figs,  1  and 
2.  The  temperature  was  measured  with  a  copper -constantan  thermocouple,  the  emf 
bein^  measured  with  a  Leeds  and  Northrup  K-2  potentiometer, 

Crvoscopic  constants  of  n-alkanes.  In  this  research  the  cryoscoplc  cons¬ 
tants  of  the  C6H20  n-alkanes  were  determined  experimentally  by  the  depression  of 
the  crystallizati^on  temperature  of  the  tested  n-alkane  caused  by  adding  2  to 
5^  (molar)  of  other  hydrocarbons.  The  cryoscoplc  constants  were  computed  from 
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TABLE  1 


Physicochemical  Constants  of  Initial  n-Alkanes 


No. 

:  £ 

n-Alkane 

Boiling 
point,  ° 

Pres¬ 
sure, 
mm  ' 

d|o,  re¬ 
duced  to 

vacuum 

Tempera¬ 
ture  of 
crystal¬ 
lization,  ” 

Purity, 
molar  ^ 

1 

2 

n-Hexane ..... 

n-Heptane  . . . 

68.6-68.9 

98.1^ 

760 

760 

0.6595 

0.6834 

1.37^^ 

1.3870 

-95.^5 

+  0.15 

-90.7 

±  0.15 

99.4 

99.5 

(±0.6) 

(+0.7) 

5 

n-Octane . 

121^.64.124.8 

760 

0.7028 

1.3980 

-57.0 
+  0.15 

99.0 

(±0.7) 

k 

n-Nonane ..... 

149.4-150.2 

760 

0.7177 

1.4060 

-53.7 
±  0.15 

99.4 

(±0.5  ) 

5 

n-Decane . 

71 « 7-71. 8 

20 

0.7315 

1.4122 

-30.0 
+  0.1 

98.2 

(+0.6) 

6 

n-Undecane . . . 

76.1-76.4 

10 

0.7429 

1.4180 

-26.36 

+0.08 

96.9 

(±0.4) 

7 

n-Dodecane . . . 

81.7-82.5 

5.4 

0.7503 

1.4218 

-10.06 

+0.08 

97.2 

(+0.5) 

8 

n-Tridecane. . 

82.6-83.5 

35 

0.75^3 

- 

-5.35 

+0.06 

99.7 

(±0.3) 

9 

n-Tetradecane 

106.3-107.3 

5 

0.7650 

1.42888 

+5.75 

+0.06 

100 

10 

n-Pentadecane 

128.0-129.7 

8 

0.7684 

1.43184 

9.81 

+0,06 

99.7 

(+0.3) 

11 

n-Hexadecane . 

127.0-127.7 

3 

0.7735 

— 

18.09 

+0.06 

99.8 

(±0.4) 

i  12 

1 

1 

n-Hept adec  anc 

153.6-153.8 

7 

0.7783 

— 

21.93 

+O4O6 

99.9 

(+0.3) 

r 

n-Octadecane. 

152, 8-153'.  7 

4 

0.7823 

- 

28.10 

+0.08 

100 

Ik 

i 

n-Nonadecane. 

168.6-169.3 

5 

0.7858 

— 

31.75 

+0.08 

99.7 

(+0.lt) 

15 

n-Eicosane. . . 

183.0-183.5 

5 

0.7889 

36.35 

+0.10 

99.9 

(±0.8) 

the 

equation; 

A 

a 

"At  ^ 

(2) 

where  §.  =  molar  per  cent  of  impurity  added  to  the  mixture. 

The  experimental  values  secured  in  the  present  research  are  listed  in  Table 

2.‘ 

Whenever  the  heat. of  fusion  of  the  tested  n-alkane  is  known,  the  cryoscopic 
constant  A  may  be  calculated  from  the  equation; 
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(3) 


A  = 


Xf°100 
R  »  Tf 


where  \  =  the  heat  of  fusion,  in  cal/mole,  of  the  pure  n-alkane  at  the  tem¬ 
perature  Tfo 

=  the  fusion  point  of  the  pure  n-alkane,  in  ®K. 

R  =  the  gas  constant  in  cal/*/mole  (l.98)-> 


TABLE  2 


\ 


Experimental  Data  on  the  Cryoscoplc  Constants  of  the  n-Alkanes 


Ne. 

Mixture  analyzed 

— 

At* 

(in  •) 

Depression 
due  to  ad¬ 
dition  of 

Vjo  of  im¬ 
purity  a, 

(d4g. /^T 

Cryos¬ 

copic 

constant 

A, 

(Vdeg.) 

1 

n-Hexane  +  cyclohexane  (5-^6^) [2] 

1.20+0.02 

0.220+0.005 

4.5 

2 

n-Heptane  ('95-02^)  +  toluene  (4.98^)  ....... 

1.02+0.02 

0.201+0.005 

5.0 

3 

n-Heptane  (95*10^)  +  methylcyclohexane 

■(4. 90lt) ....................  0 ..  0 ........  0 . 

1.00+0.02 

0.201+0,005 

5.0 

k 

n-Octane  (94.02^)  +  n-xylene  (5*98^)........ 

1.22+0.02 

0.201+0.005 

5.0 

5 

n-Octane  (9501^^)  +  ethylbenzene  (4.86'5()) . . . . 

0.97+0.02 

0,250+0.005 

5,0 

6 

n-Nonane  (93  =  09^)  +  diisoamyl  (3«91'5^')  » 

1.00+0.02 

0.256+0.005 

3.9 

7 

n-Decane  (96.5^)  +  dicyclohexyl  (3.51^)  •  • « •  •  • 

0.62+0.008 

0.177+0.002 

3.7 

8 

n-Undecane  (97«60^)  +  dicyclohexyl  (2.40^).. 

0.38+0.008 

0.242+0.003 

4.2 

9 

n-Dodecane  (97»79^)  +  dlcyclohexyl  (2.21^).. 

0.35+0.007 

0.158+0.004 

6.3 

10 

n-Trldecane  (96.26^)  +  dlcyclohexyl  (3»74^)* 

0.82+0.007 

0.219+0.002 

4.6 

11 

n-Tetradecane  (97-42^)  +  dicyclo¬ 
hexyl  (2.58^) ............................ 

0.37+0.007 

0 

1-' 

iV 

0 

0 

0 

ro 

7o0 

12 

n-Pentadecane  (94.54^)  +  dicyclo¬ 
hexyl  (5.46^) ............................ 

1.07+0.007 

0.196+0.001 

5.1 

13 

n-Hexadecane  (96.84^)  +  dlcyclohexyl  (3<.l6^) 

0.43+0.007 

0.136+0.002 

7.3 

IL 

n-Heptadecane  (94.81^)  +  dlcyclohexyl 

5  =  191^).............................. . 

0.96+0.007 

0.185+0.001 

5.4 

15 

n-Octadecane  {9'J „00^)  +  dlcyclohexyl  (3.00^) 

0,39+0.007 

0.130+0.002 

7.8 

16 

n-Nonadecane  (92.79^)  +  dlcyclohexyl  (7.21^) 

1.40+0.01 

0.194+0.001 

5.1 

17 

,n-Elcosane  (98.06^)  +  dlcyclohexyl  (l.94'5t).. 

0.24+0.01 

0.124+0.005 

8.1 

Our  experimental  values  of  the  cryoscoplc  constants  are  compared  in  Table 
3  with  the  values  calculated  from  Equation  (3),  using  the  available  data  on  the 
heats  of  fusion  of  these  hydrocarbons.***  It  is  -vrorthy  of  note  that,  with  the  ex¬ 
ception  of  n-nonane,****  all  the  cryoscoplc  constants  listed  in  Table  3  have  been 
determined  exxjerlmentally  for  the  first  time  in  the  present  research. 

As  we  see  in  Table  3j  our  experimental  values  of  the  cryoscoplc  constants 
of  the  n-alkanes  (C6-C20)  are  in  good  agreement  with  the  values  computed  from 

*At  -  the  difference  between  the  crystallization  temperature  of  the  initial  n-alkane  and  that  of  the  sitecified 
mixture 

*  These  are  molar  perventages 

**The  values  of  the  heats  of  fusion  have  been  taken  from 

****Xhe  cryoscopic  constant  of  n-nonane  has  also  been  determined  by  Streiff  and  his  associates  [®] . 


Equation  (3)*  Henceforth  we  shall  use  the  experimental  values  of  the  cryoscopic 
constants  as  the  most  reliable  ones. 


TABLE  3 


Fig.  1.  De¬ 
vice  for 
thermal  an¬ 
alysis,  using 
a  cylindrtcal 
Dewar  flask. 


2.  Spherical  Dewar 
flask  for  thermal 
analysis 

k)  pocket  for  thermocouple; 

l)  copper  latice  for  flat- 
tenning  out  the  temperature 
gradients;  o)  opening  for 
pouring  in  the  product. 


Cryoscopic  Constants  of  the  n-Alkanes 


n-Alkane 

Cryoscopic  constant  A, 
per  cent /degree 

Experimen¬ 

tal 

Calculated 
from  heat  of 
fusion 

n-Pentane  .... 

— 

— 

n-Hexane . 

4.5 

4.7 

n-Heptane . 

5.0 

5.0 

n-Octane  . 

5.P 

5.3 

n -Nonane . 

3.9 

3.9 

n-Decane . 

5.7 

5.9 

n-Undecane .... 

k.2 

4.3 

n-Dodecane .... 

6.3 

6.4 

n-Tridecane. . . 

4.6 

n-Tetradecane. 

7 

6.9 

n-Pentadecane. 

5.1 

- 

n-Hexadecane . . 

7.3 

- 

n-Heptadecane . 

5.4 

- 

n-Octadecane. . 

7.8 

- 

n-Nonadecane . . 

5.1 

-  ■ 

n-Eicosane. . . . 

8.1 

■ 

7.8 

Fig.  3*  shows  the  cryoscopic  con¬ 
stants,  found  experimentally,  as  func¬ 
tions  of  the  number  of  carbon  atoms. 


high  molecular  n-alkanes,  they  must  be 
numbers  of  carbon  atoms. 

The  cryoscopic  constants  of  the 
n-alkanes  Cib-C2o  vith  an  even  number 
of  carbon  atoms  lie  on  a  prolongation 
of  the  straight  line  for  the  cryoscopic 
constants  of  the  Cs-Ce  n-alkanes. 

The  cryoscopic  constants  of  the  n- 
alkanes  with  an  odd  number  of  carbon 
atoms  (from  Cg  to  C17)  lie  on  a  dif¬ 
ferent  straight  line,  somewhat  below 
the  first  one.  This  indicates  that  the 
n-alkanes  with  an  odd  number  of  carbon 
atoms,  from  Cg  to  C17,  possess  a  lower 
heat  of  fusion  than  the  n-alkanes  poss¬ 
essing  an  even  number  of  carbon  atoms. 


The  values  of  the  cryoscopic  con¬ 
stants  of  the  n-alkanes  Cs-Cg  Hie-  on 
a  single  straight  line.  As  for  the 
divided  into  n-alkanes  with  odd  and  even 


Fig.  3*  Cryoscopic  constants  of 
the  n-alkanes  as  a  function  of 
the  number  of  carbon  atoms. 


The  cryoscopic  constant  of  n-CigH40  falls  below  the  line  on  which  the  cryo¬ 
scopic  constants  of  the  Cg-Ci7  n-alkanes  with  odd  numbers  of  carbon  atoms  lia. 


TABLE  4 


Transition  Points  of*  the  n-Alkanes 


n -Alkane 

Crystal¬ 
lization 
point,  ° 

Transition 
point,  " 

AC7  ^^^‘^'erence  be¬ 
tween  the  crystal¬ 
lization  point  and 
the  transition  point,® 

Transition 
point  accord¬ 
ing  to  the 
literature,  ° 

n-Nonane  .,.,,, 

-53.7  +0.15 

-56.6  +0,6 

2.9 

-5?.  3  [3] 

n-Undecane . . « , , 

-26.36+0.08 

-36.7  +0.3 

10.3 

-37.0  [4] 

n-Tridecane 

-  5.35+0.06 

-18.30+0.08 

12.95 

.  - 

n-Pentadecane . , 

9,81  +0,06 

-  2.86+0.06 

12.67 

-3.86  [8] 

n-Heptadecane. , 

21,93+0.06 

10,52+0.06 

11, 4l 

10  [2] 

n-Nonadecane. , . 

31c 75+0, 08 

21,75+0.08 

10.06 

- 

-  -  -  Lower  thermocouple  junction 
XXX  Upper  thermocouple  junction. 


This  must  be  attributed  to  the  fact 
that  transitions  within  the  solid 
phase  are  observed  for  the  n-alkanes 
with  an  odd  number  of  carbon  atoms 
(upward  of  C9) . 


Fig.  5*  Cooling  curve  of  n-undecane. 

*cryst  t  0.08°;  Hrans.  ^  -36.  7  t  0.3°. 

-  -  -  Lower  thermocouple  junction 
XXX  Upper  thermocouple  junction. 


In  the  present  research  we  plotted  cooling  curves  for  all  the  n-alkanes, 
from  C9  to  C2o'i  only  for  the  n-alkanes  with  an  odd  number  of  carbon  atoms  did  we 
find  any  transitions  occurring  in  the  solid  phase  (Figs.  4-9).  The  transition 
points  are  listed  in  Table  4.  ' 

As  Parks  and  Hoffman  [a]  have  shown,  the  sum  total  of  the  heats  of  fusion 
and  transition  vary  but  little,  when  expressed  in  calories  per  gram,  for  hydro¬ 
carbons  of  similar  structure.  Therefore,  whenever  an  n-alkane  has  a  transition 
point  in  the  solid  phase,  its  heat  of  fusion  will  be  diminished  by  about  the 
amount  corresponding  to  the  heat  of  transition  in  the  solid  phase.  This  makes 
it  clear  why  the  n-alkanes  with  an  odd  number  of  carbon  atoms  (from  Cg  to  C17) 
should  have  a  lower  heat  of  fusion  and,  hence,  a  lower  cryoscopic  constant. 
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Fig.  6.  Cooling  curve  of  n-trldecane  ’ 

^oiTSt.  “  5-  38  ±  0-38°:  18.30  +  0.06®. 

—  Lower  thermocouple  junction;  .  ’ 

‘  Upper  thermocouple  Junction 


Fig.  7*  Cooling  curve  of  n-penta- 
decane. 

'•  ‘tru.  ■  i  '>•“6° 


— •  Lower  thermocouple  Junction; 
S'  .  upper  thermocouple  Junction. 


The  difference  in  behavior  oit’  n-jikanes  with  odd  numbers  of  carbon  atoms  (C9-C17) 
may  be  compared  with  a  plieUwi..4enon''that  has  beentaovn  for  a  long  tlmej  the  crys¬ 
tallization  points  'of  n-alkanes  with  odd  and  even  numbers  of  carbon  atoms  lie 
on  two  different  straight  lines.  The  value  of  the  cryoscopic  constant  of 
n-Ci9H4o  does  not  lie  on  the  lower  line  contrary  to  expectations,  but  is  some¬ 
what  below  it.  This  leads  us  to  assume  that  this  n-alkane  possesses  a  higher 
heat  of  transition  that  the  other  n-alkanes  (from  C9  to  C17)  with  an  odd  num¬ 
ber  of  carbon  atoms,  or  else  Ijhat  this  n-alkane  has  more  than  one  transition 
point. 

The  behavior  pattern  we  have  found  to  hold  good  for  the  n-alkanes  (from  Cg 
to  C20)  with  odd  and  even  numbers  of  carbon  atoms  cannot  be  extrapolated  to  the 
higher  n-alkanes.  This  is  proved  by:  l)  the  deviation  of  the  cryoscopic  cons¬ 
tant  for  n-Ci9H40  from  the  straight  line  in  which  all  the  n-alkanes  from  Cg  to 
Ci7  vlth  an  odd  number  of  carbon  atoms  Ilej  and  2)  by  the  existence  of  transi¬ 
tion  points  in  the  solid  phase  in  the  high-molecular  n-alkanes  with  an  even 
number  of  carbon  atoms,  such  as  n-C26-H54  -  n-C34H7o  [s] 
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The  reason  for  the  difference  in  the  behavior  of  the  n-alkanes  (C9-C20)  with 
odd  and  even  numbers  of  carbon  atoms  is  unclear,  reminding  one  of  cis-  and  trans¬ 
isomerism. 


While  determining  the  heat  of 


Fig.  8.  Cooling  curve  of  n- 
heptadecane. 

^cryst.  ~  21.93  +  0, 06  ,  t^rans. 

=  10.5  i  0.06°. 

— Lower  thermocouple  junction 
<x<  upper  thermocouple  junction. 


fusion  of  n-nonane,  Parks  and  Hoffman  [3] 

found  a  transition  point  in  the  solid 
phase  at  a  temperature  2.4°  below  the 
initial  crystallization  temperature  of 
n-nonane.  These  authors  determined  the 
aggregate  heat  of  transition  (the  heat 
of  the  fusion  plus  the  heat  of  transi¬ 
tion),  inasmuch  as  the  phase  transition 
occurred  at  a  temperature  close  to  the 
crystallization  point.  This  aggregate 


decane . 

Wt.  "  31.75  i  0.08°;  t^rans  =  21.75  t  0.08°. 

--  Lower  thermocouple  junction 
upper  thermocouple  junction. 


heat  totaled  5^280  calories  ..  per  mole.  From  this  we  computed  the  heat  of  trans¬ 
ition  of  n-nonane  as  follows; 

^trans.  =  5280  -  366O  =  162O  cal/mole,  or  roughly  16OO  cal/mole. 


The  values  of  the  cryoscopic  constants  as  measured  in  the  present  research 
and  the  available  data  on  the  crystallization  points  of  the  n-alkanes  make  it 
possible  to  calculate  the  purity  of  the  n-alkanes  from  C5  to  C20  from  their 
initial  crystallization  points. 


SUMMARY 


1\  The  following  cryoscoplc  constants  have  been  found  for  the  n-alkanes 
Ce-Cso^  in  molar  per  cent  per  degree;  Ce  -  ^*5;  C7  -  5.O;  Ce  -  5 *25  C9  -  3-9°, 

Cio  -  5*75  Cii  -  4.2j  C12  -  6.5;  C13  -  ^-.6°,  C14  -  7-0;  C15  -  5«i;  Cie  -  7*5; 

Ci7  -  5.^;  C18  -  7.85  Ci9  -  5.I;  C20  -  8.1. 

2,  It  has  been  found  that  the  cryoscoplc  constants  of  the  n-alkanes  C6-C20 

with  an  even  number  of  carbon  atoms,  on  the  one  hand,  and  of  the  n-alkanes  C9-C17, 
with  an  odd  number  of  carbon  atoms,  on  the  other,  lie  on  two  different  straight 
lines.  This  pattern  of  behavior  is  due  to  the  fact  that  the  C9-C17  n-alkanes, 
with  an  odd  number  of  carbon  atoms,  have  lower  heats  of  fusion,  owing  to  their 
displaying  transition  points  in  the  solid  phase. 

5.  It  has  been,  proved  experimentally  that  of  the  C6-C20  n-alkanes,  only  the 
C9-C19  n-alkanes  possessing  an  odd  number  of  carbon  atoms  exhibit  transition 
points  in  the  solid  phase. 

4.  The  transition  points  of  n-tridecane  and  n-nonadecane  have  been  determ¬ 
ined  for  the  first  time.  The  transition  points  of  the  n-alkanes  Cn,  C15,  and 
Ci7  as  measured  in  the  present  research,  are  0. 5-1.0®  higher  than  the  best  fig¬ 
ures  in  the  literature,  which  is  evidence  of  the  higher  purity  of  the  n-alkanes 
we  have  tested. 

it  is  recommended  that  the  following  temperatures  be  adopted  as  the  most 
reliable  values  of  the  transition  points  of  the  n-alkanes;  C9,  -56.5°;  On, 
-36.7“;  Ci3,  -18.50®j  Ci5,  -2.86®;  Ci7,  +10.52®;  C19,  +21.75°. 

5.  The  heat  of  transition  of  n-nonane  has  been  calculated  to  be  approxima¬ 
tely  1600  calories  per  mole. 
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SYNTHESIS  OP  POLYCYCLIC  HYDRO AROMATIC  KETONES 
V„ ;  3'KETO-7-METHOXY-l,  2,  3, 11,  12,  12a-HEXAHYDROCHRYSENE 


G.  T. .  Tatevosyan  and  S.  A.  Vardanyan 


In  Eeport  III  [i]  we  showed  that  reacting  concentrated  sulfuric  acid  with 
a- (3-chlorocroty.l)-Y-(l-naphthyl) -butyric  acid  hydrolyzes  the  latter  at  the 
chlorine  atom  attached  to  a  double  bond,  and  then  cyclizes  it  doubly,  finally 
yielding  3-heto-l,2-3,ll,  12,12a-hexahydrochrysene.“ 


We  could  therefore  assume  that  analogous  transformations  of  ring-substi¬ 
tuted  a- (3-chlorocrotyl) -Y-(l-naphthyl) -butyric  acids  would  yield  the  corres¬ 
ponding  derivatives  of  3-ketohexahydrochrysene,  with  substituents  in  the  A  and 
B  rings.  But  since  the  closing  of  the  C  ring  entails  the  Intramolecular  acyl¬ 
ation  of  t-he  substituted  Y-(l -naphthyl) -butyric  acid,  the  general  applicability 
of  this  method  of  synthesis  might  be  limited  to  the  action  of  those  substituents 
that  often  govern  the  course  of  cyclization.  Some  indications  of  the  possible 
effect  of  various  substituents  upon  the  cyclization  of  a-(3-chlorocrotyl)-Y-(l- 
naphthyl) -butyric  acids  may  be  secured  by  considering  the  available  information 
on  the  simpler  Instances  Involving  the  formation  of  tricyclic  ketones  by  the 
intramolecular  acylation  of  y- (l-^i^-phthyl) -butyric  acids.  The  literature  con¬ 
tains  some  .information  on  the  orienting  effect  of  the  methoxy  group  located  at 
the  3  position  in  the  naphthalene  ring. 

Kon  and  Ruzlcka  [2]  have  found  that  reacting  stannic  chloride  with  Y-(5 
methoxy-l-naphthyl) -butyric  acid  yields  a  methoxy  ketone  that  fuses  at  137“ 5 
they  assigned  it  the  structure  of  l-keto-8-methoxy-l,2,3,4-tetrahydrophenanth- 
rene : 


13^9 


When  the  acid  chloride  of  the  same  acid  was  cyclized  with  aluminum  chlor¬ 
ide,  they  got  a  compound  with  the  same  composition  as  the  tricyclic  methoxy  . 
ketone,  hut  with  a  m.p.  of  88-89° .  The  structure  of  this  isomeric  compound  was 
not  determined.  Hill,  Short,  and  Stromherg  [3],  on  the  other  hand,  have  shown 
that  reacting  stannic  chloride  with  y- (5 -methoxy-l-naphthyl) -butyric  acid  yields 
a  compound  with  a  m.p.  of  88-89°.  It  was  synthesized,  with  an  even  higher  yield, 
by  reacting  a  benzene  solution  of  the  acid  with  phosphoric  anhydride.  In  neither 
instance  was  a  compound  with  a  m.p.  of  157°  formed.  In  view  of 'the  fact  that  the 
substance  with  a  m.p.  of  88-89°  yielded  a  semicarbazone  and  a  dinitrophenylhydra- 
zone,  that  is,  was  a  ketone.  Hill,  Short,  and  Stromherg  concluded  that  it  was  the 
normal^ cyclization  product  of  y- (5 -niethoxy-1 -naphthyl) -butyric  acid  -  1-keto- 
8-methoxy-l , 2,5, 4-tetrahydr ophenanthrene . 

In  a  subsequent  paper  Kon  and  Soper  [4]  determined  the  structure  of  both  of 
these  isomeric  products.  They  reacted  the  methoxy  ketone  with  a  m.p.  of  157° 
with  methylmagnesium  iodide  and  dehydrogenated  the  reaction  product  with  pallad¬ 
ium  on  charcoal,  securing  l-methyl-8-methoxyphenanthrene: 


thus  confifliing  their  earlier  assumption  regarding  the  structure  of  this  subs¬ 
tance.  The  isomer  with  a  m.p.  of  88-89°  was  oxidized  with  chromic  acid,  yield¬ 
ing  4-methoxynaphthalene-l,8-dicarboxylic  acid.  Hence,  the  authors  attributed 
the  structure  of  7-keto-4-methoxy-7,8-dihydrohomophenalene  -  the  product  of  the 
cyclization  of  y - (5 .methoxy-l -naphthyl) -butyric  acid  at  the  peri  position  -  to 
the  ketone  with  a  m^p.  of  88-89“: 


Kon  and  Soper  likewise  confirmed  the  observation  of  Hill,  Short,  and  Strom- 
berg,  who  stated  that  the  substance  with  a  m.p.  of  88-89®,  i.e.,  7-keto-4-meth- 
oxy-7,8-dihydrohomophenalene,  was  the  principal  product  of  the  cyclization  of 
y -(5-methoxy-l-naphthyl) -butyric  acid.  The  methoxy  ketone  that  has  a  m.p,  of 
157°,  i.e.,  l-keto-8-methoxy-l,2,5,4-tetrahydrophenanthrene,  is  not  always  syn¬ 
thesized,  apparently,  though  the  authors  did  not  go  into  the  conditions  that 
favor  its  formation. 

Thus,  the  presence  of  the  methoxy  group  in  the  5  position  of  the  naphtha¬ 
lene  ring  promotes  the  intramolecular  acylation  of  y - (l-naphthyl) -butyric  acids 
at  the  peri  position.  Hence,  when  we  react  sulfuric  acid  with  a-(5-chlorocrotyl)- 
y- (5-methoxy-l-naphthyl) -butyric  acid  (l),  we  should  expect  to  get  the  isomeric 
tetracyclic  methoxy  ketone  (ill)  with  one  seven-membered  ring,  rather  than  the 
methoxy  ketone  (ll),  with  the  cyclic  structure  of  chrysene: 
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J  The  bromonaphthalene  was  diazotized,  and  the  diazo  compound  was  decomposed 

to  hromonaphthol  as  set  forth  hy  Hill,  Short,  and  Stromberg  [a].  The  other  in¬ 
itial  stages  of  the  synthesis,  right  up  to  the  synthesis  of  3- (5-methoxy-l-naph- 
thyl)  ethyl  bromide  (v),  followed  the  procedures  given  by  Kon  and  Ruzicka  [2]. 

Kon  and  Ruzicka  state  that  using  an  excess  of  ethylene  oxide  in  the  synthesis 
of  3-(5-methoxy-l-naphthyl  ethyl  alcohol  (iv)  results  in  the  formation  of  an 
abnormal  product  with  the  composition  of  C13H10O5  and  a  m.p.  of  12^°.  We  were 
unable  to  find  any  such  product,  although  an  excess  of  ethylene  oxide  was  used 
in  the  preparation  of  the  methoxynaphthyl  ethyl  alcohol,  the  yield  of  3-(5- 
methoxy- 1-naphthyl)  ethyl  alcohol  being  83. We  secured  the  methoxybromide 
(v)  as  a  crystalline  substance  with  a  m.p.  of  3T"38°,  though  Kon  and  Ruzicka 
describe  it  as  a  liquid.  Kon  and  Ruzicka  condensed  the  methoxybromide  with  mal- 
onic  ester  in  xylene  containing  "molecular"  potassium.  We  discovered  that  the 
yield  is  satisfactory  when  this  reaction  is  carried  out  with  an  alcoholic  solu¬ 
tion  of  sodium  alcoholate.  An  alcoholic  solution  of  sodium  alcoholate  was  also 
used  to  condense  l,3“dichlorobutene-2  with  a  substituted  malonic  ester  (Vl) . 

We  were  unable  to  secure  the  acid  (l)  in  an  analytically  pure  state,  since 
we  could  not  crystallize  or  distil  it.  It  was  therefore  subjected  to  sulfuric 
acid  hydrolysis  and  cyclization  immediately  after  it  had  been  synthesized  by 
decarboxylation  of  the  disubstituted  malonic  ester  (VIIl),  without  purification. 
The  crystalline  reaction  product,  with  a  yield  of  32.5^  and  satisfying  the  fofm- 
I’.las  (ll)  and  (ill)  as  far  as  its  composition  was  concerned,  formed  a  dinitro- 
phenylhydrazone  with  2,4-dlnitrophenylhydrazine.  The  ketone's  structure  was 
established  by  dehydrogenating  it  at  500-320“  over  palladium  on  charcoal  wltout 
any  solvent  present.  Under  these  conditions  the  dehydrogenation  of  polycyclic 
ketones  is  usually  accompanied  by  dehydration  [5],  In  this  Instance  the  methoxy 
group  was  also  split  offj  the  sole  dehydrogenation  product  proved  to  be  chrysene, 
which  was  identified  by  determining  the  melting  point  of  the  dehydrogenation 
product  and  by  fusing  a  sample  of  the  latter  with  a  known  preparation  of  chry¬ 
sene. 

Thus,,  the  product  of  the  sulfuric -acid  hydrolysis  and  double  cyclization 
of  a- (3-chlorocrotyl)-Y-(5-niothoxy-l-naphthyl) -butyric  acid  proved  to  be  5-keto- 
7-niethoxy-l,2,5,ll>12,12a-hexahydrochrysene  (ll).  The  usual  ortho  cyclization 
took  place  despite  the  presence  of  a  methoxy  group  at  the  5  position  of  the 
naphthalene  ring,  which  must,  it  seems,  be  attributed  to  the  presence  of  a  sub¬ 
stituent,  the  5-chlorocrotyl  radical  in  this  instance,  in  the  a-position  to  ti 
the  carboxyl  group.  Nor  is  it  altogether  excluded  that  the  reaction  conditions 
also  play  a  part,  inasmuch  as  no  cases  have  yet  been  observed  of  cyclization  at 
the  peri  position  accompanying  the  intramolecular  acylation  of  Y- (l-naphthyl) - 
butyric  acids  with  sulfuric  acid. 

EXPERIMENTAL 

3-(5-Methoxy-l-naphthyl)  ethyl  alcohol  (IV).  20  g  of  ethylene  oxide  was 

passed  with  constant  stirring  through  a  solution  of  a  magnesium  derivative  of 
l-bromo-5-iiiethoxynaphthalene,  chilled  with  a  freezing  mixture  and  prepared  from 
96  g  of  that  bromide,  9 •21  g  of  magnesium,  and  390  ml  of  absolute  ether,  and 
then  the  reaction  mixture  was  set  aside  to  stand  overnight  at  room  temperature. 
The  next  day  the  mixture  was  boiled  for  an  hour  with  a  reflux  condenser,  and  the 
ether  was  driven  off,  after  which  the  ice-chilled  mixture  was  decomposed  with 
dilute  hydrochloric  acid.  The  product  was  extracted  with  ether,  and  the  ether 
solution  was  washed  with  water  and  desiccated  with  anhydrous  sodium  sulfate. 

The  oil  left  after  the  ether  had  been  driven  off  was  distilled  in  vacuum.  The 
thick,  colorless  liquid  that  distilled  at  l84-l87°  at  4-5  mm  crystallized  com¬ 
pletely  in  the  receiver.  M.p.  52-53° J  yield  68. 18  g  (83.3^  of  the  theoretical). 
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3- (3-Methoxy-l~naphthyl) -ethyl  bromide  (v).  A  solution  of  ^5*7  6  of  phos- 
phorus  tribromlde  in  2^6  ml  of  benzene  was  added,  with  constant  stirring,  to  a 
water-cooled  solution  of  680I5  S  of  the  alcohol  (IV)  in  420  ml  of  benzene.  Af- 
ter  the  reaction  mixture  had  been  heated  to  60-65“  for  2  hours,  it  was  cooled 
V  and^  poured  over  icej  the  benzene  solution  was  decanted  from  the  acidic  aqueous 
layer,  washed  with  a  dilute  solution  of  sodium  hydroxide  and  then  with  water, 
and  desiccated  with  sodium  sulfate.  After  the  benzene  had  been  driven  off,  the 
product  was  distilled  at  174-176*  and  5  nim.  According  to  Kon  and  Ruzlcka  [2], 

3- (5-methoxy-l-naphthyl) -ethyl  bromide  boils  at  186'*  and  I.7  mm.  The  distillate 
crystallized  completely  in  the  receiver.  This  yielded  37*9  g  (42.37^  of  the 
theoretical)  of  a  colorless  crystalline  substance  with  a  m.p.  of  37-38**. 

0.1124  g  substance;  O.O79O  g  AgBr.  0.1126  g  substance:  0.0804  g  AgBr. 

Found  Br  29-90,  30.39*  CisHiaOBr.  Computed  Br  30. I8. 

3- (5-Methoxy-l-naphthyl) -ethyl  malonate  (Vl) .  37-4  g  of  the  bromide  (v) 

was  added,  with  chilling  and  constant  stirring,  to  a  solution  of  sodium  malonic 
ester,  prepared  from  37  g  of  malonic  ester,  3*41  g  of  sodium,  and  34.5  g  of  abs¬ 
olute  alcohol.  The  mixture  was  boiled  for  4  hours  with  a  reflux  condenser.  Then 
water  acidulated  with  hydrochloric  acid  was  added  to  the  chilled  mixture  (the 
precipitate  of  sodium  bromide  dissolving  completely),  the  oily  reaction  product 
was  dissolved  in  ether,  and  the  ether  solution  was  washed  with  water  and  desic¬ 
cated  with  sodium  sulfate.  After  the  ether  had  been  driven  off,  the  product 
distilled  at  206-208‘  and  9  mm.  This  yielded  31.6  g  (65^  of  the  theoretical) 
of  the  3- (5-methoxy-l-naphthyl) -ethyl  malonate  previously  described  by  Kon  and 
Ruzicka,  as  a  viscous,  colorless  liquid. 

3- (5-methoxy-l-naphthyl) -ethyl- (3-chlorocrotyl) -malonate  (VIl) .  31.6  g  of 

the  ester (vi)  was  added  to  a  solution  of  sodium  alcoholate,  prepared  from  2.25 
g  of  sodium  and  50  g  of  absolute  alcohol.  The  solution  was  allowed  to  stand  for 
half  an  hour  at  room  temperature,  and  then  I5  g  of  freshly  distilled  1,3-dichloro- 
butene-2  was  added  gradually  to  the  water-cooled  and  stirred  solution.  The  mix¬ 
ture  was  boiled  for  6  hours,  after  which  it  was  cooled,  and  dilute  hydrochloric 
acid  was  added  iintil  all  the  precipitated  sodium  chloride  dissolved.  The  pro¬ 
duct  was  then  extracted  with  ether.  Washing  the  ether  solution  with  water  caused 
a  crystalline  substance  to  settle  out.  The  solution  was  poured  into  a  crystal¬ 
lizing  pan.  Driving  off  the  ether-yielded  30.42  g  (76.5^  of  the  theoretical)  of 
the  crude  crystalline  product.  Recrystallization  from  alcohol  yielded  the  di- 
substltuted  malonic  ester  (VIl)  as  colorless  needles  with  a  m.p.  of  69-70*. 

0.1100  g  substance:  O.O37O  g  AgCl.  0.1139  g  substance:  O.O39O  g  AgCl. 

Found  Cl  8.32,  8.47,  C24H2905C1.  Computed  Cl  8.21. 

3- (5-Methoxy-l-naphthyl) -ethyl- (3-chlorocrotyl) -malonic  acid  (VIIiQ  .  A 
mixture  of  30  g  of  the  crude  ester  (vil),  7.6  g  of  sodium  hydroxide,  arid  ll4  g 
of  95^  alcohol  was  boiled  for  5  hours  with  a  reflux  condenser.  After  the  mix¬ 
ture  had  cooled,  200  ml  of  water  was  added,  and  the  alcohol  was  driven  off.  The 
thick  oil  that  separated  out  when  the  chilled  mixture  was  acidulated  with  dilute 
hydrochloric  acid  crystallized  completely  when  rubbed  with  a  glass  rod.  The 
crystals  were  filtered  out  of  the  mother  liquor,  washed  with  water,  dried  at  room 
temperature,  and  recrystallized  from  50^  alcohol.  This  yielded  22.6  g  (86.6^  of 
the  theoretical)  of  a  colorless,  finely  crystalline  powder,  with  a  m.p,  of  167-  ' 

168“ . 

0.1078  g  substance:  0.0391  g  AgCl.  0.1034  g  substance:  0.0394  g  AgCl. 

Found  i>i  Cl  9-36,  9.43.  C20H21O5CI.  Computed  Cl  9.42. 

3-Keto-'(^-methoxy-ls2,3»ll»12,12a-hexahydrochrysene  (ll) .  As  Indicated  above, 
the  a- (3-chlorocrotyl) -y- (5-methoxy-l-naphthyl) -butyric  acid  was  reacted  with 
sulfuric  acid  as  soon  as  it  was  j)repared  by  decarboxylatiqg  the  dibasic  acid 
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(VIIl).  When  decarboxylated  at  reduced  pressure  (water-jet  pump),  the  acid  (l) 
is  secured  as  a  faintly  colored,  very  tacky  mass,  all  of  which  sticks  to  the 
walls  of  the  container  as  it  cools,  2.5  g  of  the  dibasic  acid  (VIIl)  was  de¬ 
carboxylated  at  reduced  pressure  by  heating  it  over  an  open  flame.  After  no 
more  carbon  dioxide  was  evolved,  and  the  decarboxylation  product  had  cooled  to 
room  temperature,  to  60  ml  sulfuric  acid,  sp,  gr.  I.78#  was  added.  Frequent 
agitation  of  the  small  flask  gradually  gradually  caused  all  the  acid  (l)  to  dis¬ 
solve  in  the  sulfuric  acidj  this  took  about  one  hour.  The  dissolution  of  the 
acid  (l)  entailed  the  evolution  of  hydrogen  chloride.  Then  the  reaction  mixture 
was  heated  for  an  hour  to  60-65°  in  a  current  of  carbon  dioxide  over  a  water 
bath,  and  left  to  stand  overnight.  The  next  day  the  flask  contents  were  poured 
over  ice,  and  the  resultant  crystalline  substance  was  dissolved  in  a  large  quan¬ 
tity  of  ether I  the  ether  solution  was  carefully  washed  with  a  10^  sodium  hydrox¬ 
ide  solution  and  then  with  water,  desiccated  with  sodium  sulfate,  filtered,  and 
set  aside  to  evaporate.  Nothing  was  recovered  from  the  solution  when  the  alka¬ 
line  wash  waters  were  acidulated.  Ao  the  ether  evaporated  it  left  behind  0.6  g 
(32.5^  of  the  theoretical)  of  yellowish  crystals.  The  substance  was  triply 
crystallized  from  methanol  (boiling  with  charcoal) .  The  colorless  crystals  had 
a  m.p.  of  192.5-193° • 

0.1173  g  substance;  0.3539  g  COgj  0.0731  g  H2O.  Found  C  82.285 
H  6.89o  C19H18O2.  Computed  C  82.OI5  H  6.47. 

The  orange-yellow  2,4-dinltrophenylhydrazone,  produced  by  heating  a  mixture 
of  0.3  g  of  the  ketone,  0,l4  g  of  dinitrophenylhydrazlne,  and  40  ml  of  alcohol, 
had  a  m.p.  of  249-250°  after  recrystallization  from  a  chloroform-alcohol  mixture. 

0.0704  g  substance;  8.5  ml  N2  (31° ^  678  mm).  Found  N  12.12. 

C25H2TO5N4.  Computed  N  12.22. 

Dehydr ogenat ion 0.2  g  of  the  ketone  was  heated  in  nitrogen  with  0.04  g 
of  a  Pd  catalyst  on  charcoal,  containing  lO'JIt  of  palladium.  The  evolution  of 
gas  set  in  at  190-200°,  but  the  temperature  was  quickly  raised  to  300-320°, 
the  dehydrogenation  was  continued  at  that  temperature  for  one  hour.  The  tem¬ 
perature  was  raised  still  higher  toward  the  end  of  the  run,  and  the  dehydrogen¬ 
ation  product  began  to  sublime,  settling  on  the  cold  walls  of  a  quartz  test  tube 
as  light  leaflets  that  displayed  bluish-violet  fluorescence.  Heating  was  stopped 
when  no  more  substance  sublimed.  The  crystals  were  removed,  and  the  residue 
left  in  the  test  tube  was  processed  a  few  times  with  boiling  benzene,  a  little 
at  a  time.  The  benzene  extract  was  washed  with  a  10^  soda  solution  and  then 
with  water,  desiccated  with  sodium  sulfate,  filtered,  and  set  aside  to  evaporate. 
When  the  alkaline  solution  that  had  been  used  to  wash  the  benzene  extract  was 
acidulated,  a  barely  perceptible  quantity  of  a  flocculent  acidid  dehydrogena¬ 
tion  product  settled  out.  Driving  off  the  benzene  left  a  small  amount  of  a  dirty 
crystalline  substance,  which  was  also  sublimed.  A  small  quantity  of  crystals 
settled  on  the  test  tube  walls,  which  looked  no  different  from  the  crystals  that 
had  sublimed  during  dehydrogenation.  Both  batches  of  crystals  fused  at  252- 
253°  (corrected).  A  fusion  sample  mixed  with  a  known  preparation  of  chrysene 
(m.p.  251-252°,  corrected)  exhibited  no  depression  (m.p.  251-253"). 

SUMMARY 

A  study  has  been  made  of  the  sulfuric-acid  hydrolysis  and  double  cyclization 
of  a- (3-chlorocrotyl) -Y- (5-niethoxy-l-naphthyl) -butyric  acid,  synthesized  in  a 
malonic  synthesis  from  3- (5-niethoxy-l-naphthyl) -ethyl  bromide  and  1,3-dlchloro- 
butene-2. 

It  has  been  shown  that  in  this  instance  the  usual  ortho  cyclization  takes 
place,  yielding  as  its  end  product  3-keto-7-methoxy-l,2,3,ll,12,12a-hexahydro- 


chrysene,  notwithstanding  the  presence  of  a  methoxy  group  at  the  5  position  of 
the  naphthalene  ring,  which  favors  the  peri  cyclization  of  Y-(l"®isiphthyl)-buty 
ric  acids  according  to  some  assertions  in  the  literature, 
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THE  REACTION  OP  VINYL  IODIDE  WITH  MAGNESIUM 


* 

Yu.  I„ .  Yushenko 


• 

Numerous  papers  have  dealt  with  the  reactions  between  magnesium  and  unsat¬ 
urated  halogen  derivatives  with  the  halogen  atom  attached  to  the  carbon  atom  at 
the  double  bond,  attention  being  focussed  mainly  upon  the  homologs  of  the  vinyl 
halides 0  These  papers  Indicate  that  most  of  the  homologs  of  vinyl  bromide  when 
reacted  with  magnesium,  form  organomagnesixim  compounds  that  may  be  employed  in 
subsequent  syntheses  (the  researches  of  Yavorsky,  Krestinsky,  Tiffeneau,  and 
others).'  But  in  some  instances  the  reaction  takes  an  abnormal  course,  either  no 
organomagnesium  compounds  being  secured  at  all  or  else  the  yields  are  low. 

Practically  no  research  has  yet  been  done  on  the  problem  of  the  reaction  of 
an  unsubstituted  vinyl  halide  with  maghesium.  Krestinsky  [i]  was  the  first  to 
tfy  to  prepare  an  organomagnesium  compound  from  magnesium  and  vinyl  bromide  for 
use  in  synthesizing  unsaturated  alcohols.  He  observed  that  ethylene  and  acetyl¬ 
ene  were  evolved,  though  no  organomagnesium  compound  was  produced.  We  also  pos¬ 
sess  data  on  the  use  of  vinyl  bromide  mixed  with  other  halogen  derivatives  for 
synthesizing  unsaturated  hydrocarbons,  though  nothing  is  said  about  the  feas¬ 
ibility  of  producing  an  organomagnesium  compound  from  vinyl  bromide. 

We  made  an  Investigation  to  determine  the  feasibility  of  preparing  a  vinyl- 
magnesium  halide  and  of  employing  this  organomagnesium  compound  in  synthesizing 
unsaturated  alcohols.  The  present  paper  describes  the  results  of  our  research 
on  the  reaction  of  magnesium  with  vinyl  iodide. 

When  vinyl  iodide  is  reacted  with  magnesium,  the  following  processes  may 
occur:  1.  The  formation  of  vlnylmagnesium  iodide.  2.  The  formation  of  acetylene 
and  ethylene: 

2CH2=CHI  +  Mg  -^CI^CH  +  CH2=CH2  +  Mgl2.  ‘ 

We  have  represented  this  reaction  as  an  overall  equation,  like  the  one 
given  in  the  paper  by  V. Krestinsky  [i]  to  explain  the  reaction  of  w-bromostyrene 
with  magnesium. *  3.  The  reaction  of  the  acetylene  with  the  vlnylmagnesium  iod¬ 

ide  to  yield  diacetylenemagnesium  diiodide  and  ethylene.  4.  The  formation  of 
divinyl . 

Our  experiments  have  shown  that  vinyl  iodide  (in  ether  solution)  reacts 
vigorously  with  magnesium.  Study  of  the  reaction  products  Justifies  the  assert¬ 
ion  that  vlnylmagnesium  iodide  is  formed  (Reaction  l),  though  acetylene  and  u 
ethylene  are  formed  at  the  same  time  (Reaction  2).  Then  the  vlnylmagnesium  iod¬ 
ide  reacts  with  the  acetylene,  yielding  diacetylenemagnesium  dliodide  and  ethyl¬ 
ene  (Reaction  5)-  In  consequence  of  all  these  reactions,  the  yield  of  vinylmag- 
neslum  iodide  is  low,  totaling  about  5^  of  the  theoretical  (based  on  the  vinyl 
iodide  used  for  the  reaction). 


*It  should  be  noted  that  this  paper  by  Krestinsky  also  gives  another  explanation  of  the  nechanisn  involved 
in  the  reaction  between  a  vinyl  halide  and  nagnesium. 
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■When  the  synthesized  vinylmagnesium  iodide  is  reacted  with  acetone,  it 
yields  dimethylvinylcarhinol.  We  have  synthesized  this  alcohol  by  pouring  a 
solution  of  acetone  in  ether  into  the  products  of  the  reaction  of  vinyl  iodide 
and  magnesium.  The  alcohol  yield  was  about  5^  of  the  theoretical,  based  on  the 
vinyl  iodide.  We  also  secured  this  alcohol  by  carrying  out  the  reaction  in  a 
single  stage,  i.e.,  by  adding  a  mixture  of  vinyl  iodide  and  acetone  to  the  mag¬ 
nesium.  The  yield  of  the  dimethylvinylcarhinol  was  somewhat  higher  than  before, 
totaling  of  the  theoretical. 


EXPERIMENTAL 

We  used  a  round-bottomed  flask,  fitted  with  a  dropping  funnel  and  a  reflux 
condenser,  in  our  Investigation  of  the  reaction  of  vinyl  iodide  with  magnesium. 

The  condenser  was  connected  to  a  gas  tank  via  a  calcium  chloride  tube.  We  pre¬ 
pared  the  vinyl  iodide  by  treating  ethylene  iodide  with  sodixam  alcoholate  [3]. 

It  should  be  noted  that  the  low  yield  prevented  us  from  securing  enough  of  the 
vinyl  iodide,  which  was  a  great  handicap  in  our  research.  In  each  test  we  used 
7.7  g  of  vinyl  iodide  (0,05  mole),  dissolved  in  25-3O  ml  of  absolute  ether,  and 
1.5  g  of  magnesium  (an  excess  of  25^  over  the  quantity  required  theoretically). 

The  tests  were  run  as  follows;  a  small  quantity  of  absolute  ether  and  2-5 
drops  of  vinyl  iodide  were  added  to  the  magnesium,  in  the  form  of  large  chips. 

The  reaction  set  in  after  some  time  had  elapsed  (gentle  heating  being  used  in 
some  cases),  the  boiling  up  of  the -ether  indicating  the  onset  of  the  reaction. 

Then  the  ether  solution  of  the  vinyl  iodide  was  added  from  the  dropping  funnel. 

The  reaction  is  vigorous  at  room  temperature,  so  that  the  vinyl  iodide  must  be 
added  slowly,  a  drop  at  a  time,  sometimes  even  Interrupting  the  addition  of  the 
latter  and  cooling  the  flask  with  water.  Adding  the  vinyl  iodide  took  about  2t  2.5 
hours  when  a  0.05-molar  solution  was  used.  The  gases  evolved  were  collected  in 
the  gas  tank  above  a  saturated  solution  of  sodium  chloride.  When  the  reaction 
was  over,  the  contents  of  the  flask  were  heated  to  25°  over  a  water  bath  for 
half  an  hour,  being  shaken  up  at  Intervals.  Then  the  reaction  mixture  was  set 
aside  to  stand,  the  unreacted  magnesium  settling  out  as  grains  or  as  a  fine 
precipitate.  The  ether  solution  was  drawn  off  into  a  round -bottomed  flask 
through  a  siphon  tube  fitted  with  a  filter.  The  liquid,  which  was  cloudy  at 
first,  became  transparent,  an  oily  yellow  layer  settling  to  the  bottom  of  the 
flask.  After  the  flask  had  stood  for  a  day,  large  colorless  crystals  were  seen 
in  this  layer.  The  filtered-out  magnesium  was  washed  with  ether,  dried,  and 
weighed.  This  gave  us  a  rou^  idea  of  the  "amount  of  magnesium  that  had  entered 
into  the  reaction  with  the  vinyl  chloride.  More  accurate  figures  were  secured 
by  determining  the  quantity  of  halogen  in  the  reaction  products  (see  below). 

.  We  found  acetylene,  ethylene,  and  divinyl  in  the  gases  evolved  during  the 
reaction.  The  presence  of  acetylene  was  established  by  the  characteristic  reac¬ 
tion  involving  the  formation  of  cuprous  acetylide;  this  was  effected  by  passing 
the.  gas  through  several  wash  bottles  filled  with  an  ammonlacal  solution  of  cup¬ 
rous  chloride.  Cuprous  acetylide  was  precipitated  in  the  first  few  wash  bottles, 
no  precipitate  being  formed  in  the  ensuing  ones,  thus  proving  that  all  the  acet¬ 
ylene  had  been  absorbed.  The  gas  freed  of  its  acetylene  decolorized  bromine 
water  and  reacted  with  an  alkaline  solution  of  permanganate.  The  unsaturated 
gaseous  products  present  might  be  ethylene  or  divinyl,  but  a  determination  with 
maleic  anhydride  [4]  indicated  that  the  gas  contained  no  divinyl.  We  therefore 
believe  that  the  gas  left  after  the  acetylene  had  been  absorbed  contained 
ethylene . 

The  ether  solution  was  treated  with  water  after  the  unreacted  magnesium  had 
been  filtered  out.  This  was  done  in  a  three-necked  flask,  with  a  reflux  condenser 
attached  to  one  opening,  a  dropping  funnel  to  another,  and  an  inlet  tube  for  air 
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to  the  third.  The  reaction  was  very  violent,  so  that  the  water  had  to  he  added 
very  cautiously,  a  drop  at  a  time,  while  the  flask  was  chilled  with  ice  water. 

The  gases  evolved  passed  through  the  refliix  condenser  into  a  wash  bottle 
containing  an  ammonlacal  solution  of  cuprous  chloride,  in  which  the  cuprous 
acetylide  was  thrown  down.  From  there  the  gas  entered  a  wash  bottle,  contain¬ 
ing  a  weak  solution  of  sulfuric  acid  to  absorb  the  ammonia  and  then  passed  to  a 
graduated  gasholder  above  a  saturated  solution  of  sodium  chloride.  We  determ¬ 
ined  the  ethylene  content  of  the  gas  thus  purified  by  measuring  the  absorption 
in  bromine  water  in  a  Hempel  pipet.  Here,  as  later  on,  we  cite  the  figures  on 
a  single  one  of  these  tests,  inasmuch  as  they  all  yielded  results  that  were 
fairly  close.  The  aggregate  volume  of  gas  collected  (ethylene  +  air)  totaled 
530  ml,  of  which  5I  “il  represented  ethylene  (reduced  to  standard  conditions), 
equivalent  to  0.35  g  of  vinyl  iodide.  Therefore  the  yield  of  vinylmagnesium 
iodide  was  about  5^  of  the  theoretical,  based  on  the  vinyl  iodide  placed  in  re¬ 
action. 

Determination  of  MglOH.  After  the  gases  had  been  driven  out  of  the  reac¬ 
tion  flask,  the  ether  was  driven  off,  and  the  residue  was  dissolved  in  O.5  N 
nitric  acid.  The  excess  acid  was  back-titrated  with  a  0,1  N  alkali  solution. 

The  consumption  of  the  O.5  N  nitric  acid  totaled  52.4  ml,  corresponding  to  4.0 
g  of  vinyl  iodide. 

Determination  of  halogen:  the  solution  left  after  the  determination  of 
MglOH  was  acidulated  with  nitric  acid  and  titrated  back  with  a  0.1  N  solution 
of  AgNOa,  The  amount  of  A^Os  solution  used  represented  6I5  g^o'f  vinyl  iodide. 

The  results  of  analysis  thus  Indicated  that  about  80^  of  the  vinyl  iodide 
used  for  the  reaction  enters  into  reaction  with  the  magnesium,  of  this  total 
only  being  used  in  the  formation  of  vinylmagnesium  iodide. 

Synthesis  of  dimethylvlnylcarbinol,  5*8  g  of  acetone  (O.l  mole)  in  50  ml 
of  absolute  ether  was  added,  with  chilling  and  constant  stirring  of  the  solu¬ 
tion,  to  an  organomagneslum  compound  prepared  with  15.5  g  of  vinyl  iodide  (0.1 
mole),  and  the  reaction  mixture  was  allowed  to  stand  overnight.  The  next  morn¬ 
ing  the  contents  of  the  flask  were  decomposed  with  ice  water,  the  ether,layer  de¬ 
canted,  and  the  residue  was  extracted  several  times  with  ether.  The  ether  ex¬ 
tracts  were  desiccated  with  fused  potash  and  then  with  barium  oxide.  Driving 
off  the  ether  yielded  a  transparent  yellow  liquid  (3-4  g) ,  Fractionation  of 
3  g  of  this  liquid  (we  cite  the  results  of  one  of  our  tests),  yielded  the  fol¬ 
lowing  fractions:  Fraction  1,  40-80°,  0.4  gj  Fraction  2,  80-110°,  0.9  gj  Frac¬ 
tion  3>  110- 180°,  0.6  g  (decomposition  sets  in) 5  and  a  residue  of  O.9  g  left  in 
the  flask  (a  brownish  liquid) . 

Refractionation  of  Fraction  2:  up  to  95° ^  a  few  drops;  95-99*  -  0-5  g  of 
a  transparent,  mobile  liquid  with  a  distinctive  odor. 

Dimethylvlnylcarbinol  had  been  previously  synthesized  by  Mokievsky  [s], 
who  gave  its  boiling  point  as  9T-99° • 

We  did  not  Investigate  the  higher -boiling  fractions, though  we  believe  they 
may  contain  products  of  the  reaction  of  the  acetone  with  the  diacetylehemagnes- 
ium  diiodide,  inasmuch  as  all  the  necessary  conditions  for  this  latter  reaction 
are  present  [oj. 

Synthesis  of  dimethylvinylcarblnol  in  a  single  stage.  We  made  use  of  the 
method  elaborated  by  Yavorsky  [7]  for  producing  allyl  alcohols  in  effecting  this 
synthesis.  A  mixture  of  15.5  g  of  vinyl  iodide  (O.l  mole)  and  5*8  g  of  acetone 
(0.1  mole)  in  30  ml  of  absolute  ether  was  poured  over  magnesium  in  ribbon  form 
that  had  been  previously  pickled  with  vinyl  iodide.  The  reaction  was  calm. 
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slowing  down  afterr  only  about  half  of  the  mixture  had  been  added,  as  the  magnes¬ 
ium  evidently  became  coated  with  a  liquid  coordination  compound.  To  ensure  that 
the  reaction  is  uniform,  it  is  advisable  to  add  the  magnesium  a  little  at  time. 
After  all  the  mixture  had  been  added  to  the  flask,  a  few  more  coils  of  fresh 
magnesium  ribbon  were  thrown  in,  and  the  reaction  mixture  was  set  aside  to  stand 
overnight.  The  remainder  of  the  processing  and  the  recovery  of  the  product  were 
the  same  as  in  the  preceding  experiment.  The  yield  of  the  dimethylvinylcarbinol 
was  somewhat  higher  than  when  the  reaction  was  run  in  two  stages,  totaling  7  to 
10^  of  the  theoretical. 

SUMMARY 

1.  The  reaction  of  vinyl  iodide  with  magnesium  has  been  investigated  for 
the  first  time,  it  being  found  that  vinylmagneslum  iodide  can  be  produced  from 
vinyl  iodide  and  magnesium  in  absolute  ether.  The  yield  of  the  vinylmagneslum 
iodide  was  5^  of  the  theoretical. 

2.  It  has  been  found  that  this  reaction  is  paralleled  by  the  formation  of 
acetylene  and  ethylene  and  by  the  reaction  of  the  vinylmagneslum  iodide  with 
the  acetylene. 

5.  The  resultant  vinylmagneslum  iodide  can  react  with  acetpne  to  form  di¬ 
methylvinylcarbinol,  the  yield  being  as  much  as  5^  of  the  theoretical.  This 
latter  alcohol  may  also  be  synthesized  in  a  single  stage,  that  is,  by  adding  a 
mixture  of  vinyl  iodide  and  acetone  to  the  magnesium.  This  raises  the  yield  of 
the  alcohol  to  7  to  10^  of  the  theoretical. 
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THE  REACTIONS  OP  DIMETHYLACETENYLCARBIHDU  WITH  ETHYLENE  OXIDE.  I 


K.  D. .  Petrov  and  E. .  S. .  Laguneva 


No  one  has  done  any  research  up  to  now  on  the  reaction  of  dlmethylacetenyl- 
carbinol  with  alkylene  oxides.  This  reaction  may  follow  either  one  of  two  c 
courses;  either  with  the  hydroxyl  group  of  the  dimethylacetenylcarhlfiol,  yield¬ 
ing  3-hydroxy  alkyl  ethers,  or  with  the  active  hydrogen  af  the  acetylene  bond, 
yielding  the  corresponding  glycols.  The  present  research  had  as  its  objective 
the  synthesis  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarblnol,  contain¬ 
ing  a  more  reactive  primary  alcohol  group  that  the  initial  dlmethylacetenylcar- 
binol.  A  study  of  this  reaction  was  of  even  greater  interest,  inasmuch  as  we 
were  unable  to  find  any  reference  in  the  literature  to  the  condensation  of  tert-, 
lary  acetylene  alcohols  with  alkylene  oxides,  with  the  sole  exception  of  the 
paper  by  Nazarov  and  Romanov  on  the  condensation  of  ethylene  oxide  with  dlmethyl- 
vinylethynylcarbinol  in  the  presence  of  potassium  hydroxide  [i].  Under  these 
reaction  conditions  Nazarov  and  Romanov  secured  a  mixture  of  mono-,  di-,  and 
polyglycol  ethers  of  dimethylvinylethynylcarblnol. 

We  used  tertiary  organic  bases  as  catalysts  for  the  condensation  of  di- 
methylacetenylcarbinol  with  fethylene  oxide.  Of  these  bases,  dlmethyl^niline 
has  been  studied  in  detail.  The  use  of  tertiary  organic  bases  as  catalysts  for 
the  condensation  of  ethylene  oxide  with  alcohols  is  mentioned  in  several  patents 
[2,3],  and  in  the  paper  ]Dy  Dolgopolov,  Melnikov,  and  Nametkin  [4],  who  investi¬ 
gated  the  condensation  of  ethyl  alcohol  with  ethylene  oxide  and  found  that  tert¬ 
iary  organic  bases  orient  this  reaction  mainly  toward  the  formation  of  a  mono¬ 
glycol  ether.  This  also  occurred  in  our  tests. 


We  synthesized  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarblnol  by 
heating  dimethylacetenylcarblnol,  ethylene  oxide,  and  dimethylaniline  together 
in  an  autoclave  [s].  The  reaction  is  given  by  the  following  equation: 


HC=C-C — OH  +  CH2-CH2 
I  \  / 

CH3  0 


CH3 

^  HCEC-C — OCH2CH2OH. 
CH3  (I) 


The  tests  we  ran  established  that  the  best  yields  (over  70^)  of  the  3-hyd¬ 
roxy  ethyl  ether  of  dimethylacetenylcarblnol  were  secured  when  the  molar  ratio 
of  the  alcohol  to  the  ethylene  oxide  was  5:1^  with  the  catalyst^repre seating 
of  the  initial  carbinol.  In  contrast  to  dimethylacetenylcarblnol,  the  3- 
hydroxy  ethyl  ether  of  dimethylacetenylcarblnol  is  unaffected  by  alkalies  and 
insoluble  in  water,  so  that  it  does  not  form  a  precipitate  when  reacted  with 
atfunoniacal  silver  nitrate.  It  distills  at  normal  pressure  with  no  signs  of  de¬ 
composition!  it  enters  readily  into  reaction  with  anhydrides  and  acids,  yielding 
esters.  The.  structure  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarblnol  ' 


1561 


follows  from  the  equation  for  its  formation.  Its  analysis  data  and  its  convter- 
sion  into  esters  likewise  are  evidence  of  the  structure  (l).  The  presence  of  a 
triple  bond  is  borne  out  by  the  reaction  of  the  3-hydroxy  ethyl  ether  of  dimeth- 
ylacetenylcarbinol  with  a  2^  aqueous  solution  of  corrosive  sublimate,  yielding 
a  curdy  white  precipitate.  The  3-iiydroxy  ethyl  ether  of  dimethylacetenylcarb- 
inol  decolorizes  a  chloroform  solution  of  bromine  and  an  aqueous  solution  of 
potassium  permanganate  instantaneously. 

In  condensing  ethylene  oxide  with  dimethylacetenylcarbinol,  we  secured  -• 
in  addition  to  the  3-bydroxy  ethyl  ether  of  dimethylacetenylcarbinol  -  small 
quantities  of  the  latter's  fiirther  condensation  with  ethylene  oxide,  of  which 
we  isolated  and  analyzed  the  88-93”  fraction  at  5 -5  (dlo  1.058j  np°  1.4627) 

^  OH  9o8)#  which  proved  to  be  a  diglycol  ether  of  dimethylace'Benylcarbinol, 
together  with  traces  of  conversion  products  of  the  ethylene  oxide  itself. 


Of  the  derivatives  of  the  3 -hydroxy  ethyl  ether  of  dimethylacetenylcarbinol,  we 
synthesized  the  acetate,  butyrate, ’benzoate,  .thO’adipate,  and  products  ,  of 
bromination  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  and  of  the 
latter’s  acetate  (see  the  subjoined  table).  The  esters  were  prepared  by  reac¬ 
ting  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  with  acids  or  an¬ 
hydrides. 


Benzoic  and  adipic  acids  were  recovered  from  their  esters,  the  yields 
being  low  (40^) .  The  low  yields  of  the  benzoate  and  adipate  of  the  3-hydroxy 
ethyl  ether  of  dimethylacetenylcarbinol  is  evidently  due  to  the  fact  that  the 
slow  esterification  is  accompanied  by  a  hydrolysis  of  the  Initial  3-hydroxy 
ethyl  ester  of  dimethylacetenylcarbinol  and  of  the  resultant  esters,  unwanted 
products  being  formed.  A  similar  phenomenon  was  studied  in  detail  by  Nazarov 
and  Romanov  in  the  acyl  esters  of  the  3-hydroxy  ethyl  ether  of  dimethylvinyl- 
ethynylcarb inol  [ i ] . 


In  the  light  of  Nazarov’s  and  Romanov's  observation,  it  may  be  assumed 
that  similar  processes  occur  in  the  conditions  we  have  employed  for  the  syn¬ 
thesis  of  the  specified  esters,  the  reactions  involved  being  as  follows: 


CHa 

HC5C-C-OCH2CH2OH 
CH3 

(JH3 

HC=C-C — OH  + 

I 

CHo 


CH3 


0 


+  CeHsCOOH 


HCSC-C-OCH2CH2OC-C6H5  +  H2O 
CH3  ‘  ^ 


HOCH2CH2OH 


(j:H3 


0 


HCSC-C-OH  +  HO-CH2CH2OC-C6H5 
CH3 


As  we  have  already  stated,  the  3-hydroxy  ethyl  ether  of  dimethylacetenyl¬ 
carbinol  does  not  give  the  well-known  qualitative  reaction  for  acetylenic  hyd¬ 
rogen  -  precipitation  with  ammoniacal  silver  nitrate.  To  prove  the  existence 
of  the  triple  bond  directly,  we  undertook  an  attempt  to  brominate  the  3 -hydroxy 
ethyl  ether  of  dimethylacetenylcarbinol,  hoping  to  secure  its  tetrabromlde .  The 
bromide  was  prepared  by  reacting  bromine  with  a  solution  of  the  3-hydroxy  ethyl 
ether  of  dimethylacetenylcarbinol  in  chloroform  at  -10  to  -15°,  without  any 
chilling  toward  the  close  of  the  reaction.  Instead  of  the  expected  tetrabrom- 
ide,  we  found  that  the  bromination  products  included  a  product  whose  bromine 
content  was  that  of  a  tribromide:  the  3-bromoethyl  ether  of  3-niethyl-l,2-di- 
bromobuten-l-ol-5  (ll): 


(j:H3 

BrCH=CBr-C-0CH2CH2Br . 


CH3  (II) 
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List  of  Substances  Synthesized  from  the  P-Hydroxy  Ethyl  Ether 
of  Dimethylacetenylcarbinol 


No. 

Formula  j 

- - — 1 

Boiling 

dfo 

20 

“n 

MRd 

point 

Found 

Computed 

1 

CHa  J 

'hc=«:-c-och2CH20h 

ifia  i 

170.5-172® 

(760  mm) 

0.9517 

1,4500 

36.10 

35.70 

CHa  0  ! 

2 

1  II  ^ 

HCaC-C“0CH2CH2O-C-CH3.  ... 

CHa 

91-93 

(19-18.5 

mm) 

0.9808 

1.4440 

45.50 

45.06 

3 

CH3  jj 

HCSC-C*-0CH2CH2C>-C-C3H7.  . . 

86-91 

(6  mm) 

0.9502 

1.4370 

54.60 

54.29 

CHa 

<fH3  (J 

HCSC-C-OCH2CH20-Q-C6H5 . . . 

132-133  ' 

(5-4  mm) 

"1.0576 

1,5008  . 

64.50 

64.514 

CHa 

CHa 

HCSC-C-OC  H2C  H2-O-C  ‘-=0 

5 

1  1 

(CH2)4..- 
CH3  1 

194-198 
(5  mm) 

1.0334 

1.4670 

98.20 

97.15 

HC»C-C-0C  H2C  H2-C-C  =0 

CHa 

6 

CHa 

BrCH-CBr-C-OCHaCHaBr . 

;  1 

CHa 

125-135 

(9-10  mm) 

2.2560 

1,6130 

- 

- 

7 

CfHa  ^ 

BrCH=C  Br-C-OC  H2CnsC>-C-CH3 

CHo 

119-121 
(3  mm) 

1.7110 

1.5370 

60.30 

60.39 

Analysis  of  this  compound  for  a  hydroxyl  group  yielded  negative  results. 

When  acetylene  is  brominated  vith  liquid  bromine  or  its  solution,  one  usu¬ 
ally  gets  a  tetrabromide,  in  the  main,  the  yield  sometimes  being  as  high  as  90- 
95^*  In  our  test,  the  process  stopped  when  two  atoms  of  bromine  had  been  added 
and  a  double  bond  had  been  formed,  preventing  the  further  addition  of  bromine. 

The  absence  of  any  reactivity  of  a  double  bond  with  regard  to  bromine  has 
been  observed  in  other  instances  as  well  [s-is]. 

The  hindrance, to  the  further  addition  of  two  more  atoms  of  bromine  to  the 
P-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  was  apparently  the  fact  that 
one  of  the  carbon  atoms  attached  to  the  triple  bond  had  a  fairly  large  radical 
attached  to  it.  The  substitution  of  bromine  for  the  hydroxyl  group  was  the 


result  of  side  reactions  that  took  place  during  the  reaction  and  during  fraction¬ 
ation,  and  caused  the  evolution  of  hydrogen  bromide  ,  which  reacted,  in  turn,  with 
the  dibromide's  hydroxyl  group  to  form  the  tribromide  (ll).  To  get  rid  of  this 
side  reaction  we  made  another  attempt  to  secure  the  dlbromide  by  brominatlng  the 
acetate  of  the  P-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol,  using  the 
theoretically  required  amount  of  bromine.  In  this  experiment  we  secured  a  yield 
of  70.5^  of  a  product,  the  bromine  content  of  which  was  that  of  the  dibromide 
•(III); 

^3  0 

HCBr=CBr-C-0CH2CH2C>-C-CH3 . 

CH3  (III) 

The  synthesized  acetate  of  the  3-hydroxy  ethyl  ether  of  3-niethyl-l,2-dibromo- 
buten-l-ol-3  decolorized  an  aqueous  solution  of  potassium  permanganate;  it  did 
not  decolorize  a  chloroform  solution  of  bromine,  however,  nor  did  it  yield  a 
precipitate  with  a  2’^  aqueous  solution  of  corrosive  sublimate..  In  contrast  to 
the  tribromide  (ll),  the  dibromide  (ill)  had  a  rather  pleasant  odor  and  displayed 
no  irritant  effects. 


EXPERIMENTAL 

1.  3-Hydroxy  ethyl  ether  of  dimethylacetenylcarbinol.  In  synthesizing  the 
3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol,  we  used  dimethylacetenylcarb¬ 
inol  prepared  by  the  Favor sky  method  [is],  with  a  b.p.  of  101-104®;  dfS  O.868O; 
ng°  1.4200. 

We  reproduce  one  of  our  experiments.  406  g  (4.83  moles)  of  dimethylethyl- 
acetenylcarbinol,  71*4  g  (1.62  moles)  of  ethylene  oxide,  and  16  g  of  dimethyl- 
aniline  were  charged  into  an  autoclave  fitted  with  a  stirrer  and  a  thermocouple. 
The  reaction  was  carried  out  at  145-150**  ^  with  constant  stirring,  for  8  hours. 
When  the  reaction  was  over,  the  autoclave  was  cooled,  and  the  reaction  products 
were  taken  out  and  fractionated  from  a  flask  fitted  with  a  meter-high  herring¬ 
bone  dephlegmator .  During  fractionation,  the  first  thing  to  be  distilled  was 
the  original  dimethylacetenylcarbinol,  up  to  IO5®  at  standard  pressure;  this 
yielded  316  g  of  the  alcohol.  f.  :  '  ^  . 

w'-i  •  *  »  i  C  OX---  wC  /  .  .'.w 

The  intermediate  fraction  .distilled  up  to  82°  (22-26  mm;  13  g)^  The  fraction 
containing  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  was  collected 
at  82-84°  and  25-26  mm;  its  yield  totaled  101  g,  or  74^  of  the  theoretical, 
based  on  the  dimethylacetenylcarbinol  used,  A  small  quantity  of  a  dark-brown, 
viscous  liquid  -  by-products  -  remained  in  the  flask. 

Externally,  the  3-bydroxy  ethyl  ether  of  dimethylacetenylcarbinol  was  a 
mobile,  transparent,  colorless  liquid,  which  was  soluble  in  benzene,  acetone, 
chloroform,  and  ether,  insoluble  in  water,  and  resisted  the  action  of  alkalies. 

It  distilled  at  170.5-172°,  at  standard  pressure,  without  any  signs  of  decomp¬ 
osition. 

dio  0.9517;  I.45OO;  MRp  56.10,  computed  55->70.  Found  C  65. 3I; 

H  9-50;  OH  13.18.  C7H12O2.  Computed  C  65.62;  H  9-38;  OH  13.28. 

The  number  of  hydroxyl  groups  was  established  by  the  phthalatlon  method. 

2.  Acetate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol .  64  g 
(0.5  mole)  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  and  153  g 
(1.5  mole)  of  acetic  anhydride  were  placed  in  a  flask  fitted  with  a  stirrer  and 
a  reflux  condenser,  and  the  mixture  was  carefully  heated  to  the  boiling  point. 
Boiling  was  continued  for  3  hours  with  constant  stirring.  Then  30  g  of  water  was 


1364 


added  via  the  dropping  funnel  to  decompose  the  excess  anhydride,  and  heating  ms 
continued  for  another  40  minutes.  The  reaction  mass  was  then  cooled  and  pro¬ 
cessed  with  a  saturated  soda  solution  while  chilled  and  constantly  stirred,  the 
^da  solution  being  added  from  the  dropping  funnel  until  the  mixture  displayed 
a  weakly  alkaline  reaction  with  phenolphthaleln.  Then  the  acetate  was  separated 
from  the  aqueous  layer  in  a  separatory  fiinnel,  its  residue  in  the  aqueous  layer 
being  extracted  three  times  with  ether,  using  75  ml  iii  each  batch.  The  ether 
extracts  were  added  to  the  acetate^  which  was  twice  washed  with  water  until  its  * 
reaction  with  bromocresolpurple  was  neutral  and  thai desiccated  with  sodium  sulf¬ 
ate.  Then  the  sulfuric  ether  was  driven  out  of  the  dehydrated  product  over  a 
water  bath,  and  the  residue  was  fractionated  in  vacuum.  The  fraction  represent¬ 
ing  the  acetate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  was 
collected  at  91-93*  and  19-18.5  nim) .  The  yield  of  the  acetate  was  64  g  (75.2^ 
of  the  theoretical,  based  on  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarb¬ 
inol)  ,  The  acetate  was  a  highly  mobile,  colorless,  neutral  liquid. 

di8  0.99085  n^°  I.444O5  MRp  45.40,  computed  45.06.  Found  C  62.79j 

H  8.565  Saponification  number  532.  CeHi403.  Computed  C  65. 50;  H  8.25; 

Saponification  number  529. 

When  the  acetate  of  the  3-bydroxy  ethyl  ether  of  dimethylacetenylcarbinol  was 
reacted  with  a  2^  aqueous  solution  of  corrosive  sublimate,  it  yielded  a  white 
precipitate 5  it  also  decolorized  a  chloroform  solution  of  bromine. 

5.  Butyrate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol.  64 
g  (0.5  mole)  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol,  55  g 
(0.62  mole)  of  butyric  acid,  4  g  of  p-toluenesulfonic  acid,  and  100  ml  of  tolu¬ 
ene  were  placed  in  a  three-necked  flask  fitted  with  a  stirrer,  a  reflux  conden¬ 
ser,  and  a  trap  to  catch  the  water  formed  during  esterification.  The  reaction 
was  carried  out  for  8  hours,  with  constant  stirring,  over  a  glycerol  bath  whose 
temperature  was  15O-I6O® .  The  water  evolved  during  the  reaction  entered  the 
trap  together  with  the  solvent  vapors.  The  process  was  checked  by  the  quantity 
of  water  recovered  and  by  the  acid  number.  By  the  end  of  the  process  8.5  ml 
of  water  had  been  recovered,  though  9  ml  should  have  been  evolved  theoretically. 
The  acid  niomber  was  5«6  mg  of  KOH  by  the  end  of  the  process.  The  processing 
and  recovery  of  the  ether  were  the  same  as  before  (Experiment  2) .  During  frac¬ 
tionation  the  fraction  representing  the  butyrate  of  the  3-hydroxy  ethyl  ether 
of  dimethylacetenylcarbinol  distilled  at  89-91°  and  6  mm.  The  butyrate  yield 
was  70  g  (70.7^  of  the  theoretical). 

dig  0.95025  n 

H  9.085  sapon 

H  9=09;  saponification  number  285. 

A  yield  of  79.5^  of  the  theoretical  of  the  ester  was  secured  by  ester ifying  the 
3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  with  butyric  anhydride. 

The  butyrate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  de¬ 
colorized  a  chloroform  solution  of  bromine  and  formed  a  curdy  white  precipitate 
when  reacted  with  a  2^  aqueous  solution  of  corrosive  sublimate. 

4.  Benzoate  of  the  3 -hydroxy: ethyl  ether  of  dimethylacetenylcarbinol .  The 
benzoate  was  prepared  under  the  usual  conditions  (as  in  Expt.  5  above)  by  reac¬ 
ting  52  g  (0,25  mole)  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol 
with  53.5  g  (0.27  mole)  of  benzoic  acid  in  the  presence  of  4  g  of  p-toluenesulf¬ 
onic  acido  During  fractionation,  the  bulk  of  the  ester  distilled  at  152-153*?  at 
5-4  mm  as  a  highly  mobile,  faintly  colored  liquid  with  an  acid  number  of  1.28  mg 
of  KOH.  The  yield  was  22^5  g  (40.80^  of  the  theoretical). 

dig  1.05765  ng°  1.50085  64.50,  computed  64.51.  Found  C  72.59; 

H  6.825  saponification  n-Jimber  24l.  C14H16O3.  Computed  C  72.405  H  6.9O5 

saponification  number  24l. 


1°  I.457O;  MRp  54.60,  computed  54.295  Found  C  66.785 
Ification  number  277.  CnHieOa.  Computed  C  66. 7O; 
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The  "benzoate  of  the  p-hydroxy  ethyl  ether  of  dimethylacetenylcarhinol  reacted 
with  a  2^  aqueous  solution  of  corrosive  sublimate,  yielding  a  slightly  yellow, 
viscous  precipitate,  and  decolorized  a  chloroform  solution  of  bromine. 

5.  Adipate  of  the  3-hydro:gy  ethyl  ether  of  dimethylacetenylcarbinol.  The  * 
adipate  was  synthesized  under  the  conditions  set  forth  above,  by  reacting  44.8  g 
(o.35  mole)  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  with  18.25 
g  (O0I25  mole)  of  adipic  acid  in  the  presence  of  2  g  of  p-toluenesulfonic  acid. 
During  fractionation,  the  bulk  of  the  ester  distilled  at  194-198°  and  5  ™n  as  a 
brown  oil  with  an  acid  number  of  1.17  nig  KOH.  The  yield  was  18.3  g  (40^  of  the 
theoretical) . 

dfS  1.0534|  ng°  I.467O1  MRd  98.2O1  computed  97.15-  Found  C  67. 40; 

H  8,24)  saponification  number  304.2.  C2oH3o06.  Computed  C  65.60; 

H  8.22;  saponification  number  306. 

The  adipate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  yielded  a 
white  precipitate  with  a  2^  aqueous  solution  of  corrosive  sublimate  and  decolor¬ 
ized  a  chloroform  solution  of  bromine. 

6.  3-Bromoethyl  ether  of  3-inethyl-l,2-dibromobuten-l-ol-3.  52  g  (O.25  mole) 
of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarbinol  and  200  ml  of  redistilled 
anhydrous  chloroform  were  placed  in  a  three-necked  bottle  fitted  with  a  stirrer, 

a  condenser  with  a  calcium  chloride  tube,  and  a  dropping  funnel,  and  immersed  in 
an  ice-and-salt  freezing  mixture.  Then  79-92  g  (l  gram  atom)  of  bromine  was 
added  from  the  dropping  funnel  while  the  mixture  was  constantly  stirred  and 
chilled  (temperature  of  the  freezing  mixture:  -10  to  -15°).  After  the  Initial 
batches  of  bromine  had  been  added,  its  color  vanished  immediately.  Later  the 
decolorization  of  the  bromine  slowed  down,  but  it  was  observed  until  about  half 
of  the  bromine  had  been  added.  After  all  the  bromine  had  been  added,  the  freez¬ 
ing  mixture  was  removed,  and  the  process  continued  for  3  hours  at  room  tempera¬ 
ture;  but  notwithstanding  the  rise  in  temperature  the  solution  was  not  decolor¬ 
ized.  Then  the  reaction  mass  was  placed  in  a  Claisen  flask  and  distilled.  Dis¬ 
tillation  was  begun  over  a  water  bath,  a  water- jet  pump  being  used  and  the  r 
chloroform  and  the  unreacted  bromine  distilling  over.  The  residue  was  fraction¬ 
ated  with  the  use  of  an  oil  pump.  Fractionation  of  the  bromination  product  in¬ 
volved  appreciable  decomposition  of  the  latter  and  the  formation  of  gaseous 
substances  that  did  not  condense  in  the  condenser.  Fractionation  yielded  several 
fractions,  one  of  which,  a  substance  that  distilled  at  125-135°  at  9-10  mm,  was 
analyzed.  It  was  a  thick  oil  that  darkened  when  exposed  to  light  and  was  soluble 
in  ether,  acetone,  and  chloroform,  slightly  soluble  in  benzene,  and  insoluble  in 
water.  Its  bromine  content  indicated  that  it  was  the  3-bromoethyl  ether  of  3- 
methyl-l,2-dibromobuten-l-ol-3- 

dig  2.256;  n|°  I.613O;  Found  Br  68.25.  CyHnOBra.  Computed  Br  68.37. 

Its  bromine  content  was  determined  in  accordance  with  [i7].  The  tribromide  de¬ 
colorized  an  aqueous  solution  of  potassium  permanganate;  it  did  not  decolorize 
a  chloroform  solution  of  bromine  nor  did  it  form  a  precipitate  when  reacted  with 
a  2^  aqueous  solution  of  corrosive  sublimate.  When  the  tribromide  was  boiled 
with  an  alcoholic  alkali  for  a  long  time,  all  three  bromine  atoms  were  nearly 
completely  saponified. 

^ound:  saponification  number  446.1,  CyHiiOBra.  Computed:  saponification 

number  478,  , 

We  did  not  investigate  the  other  fractions. 

7-  Acetate  of  the  3-hydroxy  ethyl  ether  of"  5-methyl-l ,2-dibromobuten-l-ol-3 . 
20  g  (0.25  g  atom)  of  bromine  was  added  drop  by  drop,  with  constant  stirring  and 
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a  freezing-mixture  temperature  of  -10  to  -15*  ^  “to  21,2  g  (0.125  mole)  of  the 
acetate  of  the  3-hydroxy  ethyl  ether  of  dimethylacetenylcarhinol  and  100  ml  of 
chloroform.  Bromination  was  energetic  at  the  start,  hut  was  much  slower  toward 
the  close.  After  all  the  bromine  had  been  added,  the  freezing  mixture  was  re¬ 
moved,  and  the  solution  was  allowed  to  stand  overnight.  When  the  process  was 
over,  the  solution  was  yellow  in  color.  The  bromide  was  recovered  as  outlined 
above  in  Expt.  6.  During  fractionation,  the  acetate  of  the  3-hydroxy  ethyl* 
ether  of  5-niethyl-l,2-dibromobuten-l-ol-3  distilled  at  119-121“'  and  3  n™  as  a 
rather  mobile,  oily  liquid  that  darkened  when  exposed  to  light,  was  insoluble 
in  water,  but  freely  soluble  in  organic  solvents.  The  yield  was  29  g  (70.5^ 
of  the  theoretical) . 

di8  I.7II1  n|°  1.5371  MRj)  60. 30;  computed  6O.39.  Found:  M  31^.60;  ; 

^  Br  1+9.30.  C9Hi403Br2.  Computed;  M  329.81+;  ^  Br  1+8. 5O. 

Its  molecular  weight  was  determined  crjroscopically. 

The  presence  of  a  double  bond  in  the  dibromide  was  confirmed  by  its  de¬ 
colorizing  an  aqueous  solution  of  potassium  permanganate. 

SUMMAKY 

1.  A  method  is  outlined  for  the  synthesis  of  the  3-hydroxy  ethyl  ether  of 
dimethylacetenylcarhinol,  not  previously  described  in  the  literature,  by  conden¬ 
sing  dimethylacetenylcarhinol  with  ethylene  oxide  in  the  presence  of  a  tertiary 
organic  base. 

2.  The  3-hydroxy  ethyl  ether  of  dimethylacetenylcarhinol  has  been  employed 
to  synthesize  the  acetoxy  ethyl,  butoxy  ethyl,  benzoxy  ethyl,  and  adlpoxy  ethyl 
ethers  of  dimethylacetenylcarhinol. 

3.  A  study  has  been  made  of  the  reaction  of  the  3-hydroxy  ethyl  ether  of 
dimethylacetenylcarhinol  with  bromine,  it  being  found  that  only  two  atoms  of 
bromine  are  added  at  the  triple  bond. 

4.  It  has  been  found  that  two  atoms  of  bromine  are  likewise  added  to  the 
triple  bond  of  the  acetate  of  the  3 -hydroxy  ethyl  ether  of  dlmethylacetenyl- 
carbinol, 
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RESEARCH  ON  THE  KINETICS  OP  THE  DEHYDRATION 
OP  PORMIC  ACID  WITH  SILICA  GEL 


L.  kh.  Preidlin  and  A.  M.  Levit 


Sabatier  distinguishes  three  different  ways  in  which  formic  acid  may  be 
decomposed  catalytically: 

1)  Dehydrogenation,  catalyzed  by  metals:  HCOOH  — ^  H2  +  CO2J 

2)  Dehydration:  HCOOH  ~»-H20  +  CO,  accelerated  by  some  metallic -and  metal¬ 
loid  oxides,  salts,  and  acids. 

5)  Decomposition  of  formic  acid,  yielding  formaldehyde;  2HC00H  — 

HCHO  +  CO2  +  H2O,  catalyzed  by  zinc  and  thorium  oxides.* 

Most  metallic  oxides  are  mixed  catalysts,  which  promotethe  decomposition 
of  formic  acid  as  in  (l)  and  (2)  simultaneously. 

Sabatier  and  Mailhe  [1]  have  found  that  silica  gel  decomposes  formic  acid 
according  to  Equation  (2),  small  amounts  of  formaldehyde  also  being  formed.  They 
likewise  noted  the  catalytic  action  of  the  walls  of  the  reaction  tube,  made  of 
Jena  glass,  upon  the  decomposition  of  formic  acid. 

Hinshelwood,  Hartley,  and  Topley  [2]  investigated  the  decomposition  of  formic 
acid  in  glass  containers  under  static  conditions  at  240-300®.  They  found  that 
both  of  the  reactions  (l)  and  (2)  take  place  at  the  surface  of  the  glass  as  mono- 
molecular  reactions,  dehydration  (Qqq  =  l6,000  cal/mole  and  Qqq  =  28,000  cal/ 
mole)  predominating  in  one  kind  of  glass,  and  dehydrogenation  (^0  =  12,000 
cal/mole  and  QcOp  ==  24,500  ca'l/mole)  predominating  in  another  [a].  Dilutlngtiae 
acid  with  water  (1:1)  had  no  effect  upon  the  velocity  or  coiorse  of  the  reaction. 

Clark  and  Topley  [4]  made  a  study  of  the  decomposition  of  formic  acid  by 
the  static  method  at  lower  temperatures.  The  catalysts  used  were  quartz,  Pyrex, 
and  sodium  glassy  the  principal  reaction  products  at  210"  were  carbon  monoxide 
and  water. 

Nelson  and  En^elder  [s]  used  the  flow  method  in  studying  the  part  played 
by  the  walls  of  the  reaction  vessel  in  the  decomposition  of  anhydrous  formic 
acid.  They  secured  gases,  consisting  chiefly  of  carbon  dioxide  and  hydrogen,  in 
quartz  and  in  glass  tubes.  In  a  Pyrex  tube  decomposition  set  in  at  250*,  the 
reaction  following  Equation  (l)  at’  350*  (4he  percentage  of  carbon  monoxide  in 
the  gas  did  not  exceed  l.fi^).  The  percentage  of  carbon  monoxide  in  the  gas  at 
600°  was  18.1^.  The  gas  evolved  during  the  decomposition  of  formic  acid  in  a 
quartz  tube  contained  1.6^  of  carbon  monoxide  at  350"  and  3*6^  at  550°. 

Graber  and  Cryber  [e]  Investigated  the  decomposition  of  98^  formic  acid  by 
the  flow  method.  Of  the  catalysts  tested  (silica  gel,  Th02  +  silica  gel,  Ti02  + 
silica  gel,  P2O5  +  silica  gel,  and  AI2O3  and  AIPO4),  they  found  the  best  to  be 

In  addition  to  formaldehyde,  methanol  may  also  be  producedr  3HCOOH  —*•  CH3OH  "*■  2CO2  ffcO. 
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ThOz  +  silica  gel.  This  catalyst  was  highly  stable,  the  percentage  decomposi¬ 
tion  of  the  formic  acid  being  9k^  at  280°,  with  95^  of  the  gas  consisting  of 
carbon  monoxide. 

The  percentage  of  carbon  monoxide  in  the  gas  when  silica  gel  was  used  with¬ 
out  any  additive  was  a  maximum  at  2^0°  and  a  rate  of  feed  of  formic  acid  equiv¬ 
alent  to  1  ml  of  the  acid  vapor  per  ml  of  catalyst  per  minute.  Under  these  con¬ 
ditions  the  percentage  decomposition  was  only  32.3^.  The  highest  percentage 
decomposition  (93^)  was  attained  at  300°,  though  the  percentage  of  carbon  monox¬ 
ide  dropped  off  as  the  temperature  was  raised  still  higher.  In  all  our  tests 
using  silica  gel  catalysts  neither  formaldehyde  nor  methanol  was  found  in  the 
condensate)  henc^,  reaction  (3)  did  not  take  place. 

This  brief  survey  of  the  literature  indicates  that  the  walls  of  the  glass 
vessel  are  not  inert  during  the  decomposition  of  formic  acid.  In  Sabatier's 
and  Nelson's  researches  the  principal  reaction  occurring  at  the  walls  at  3^0- 
350°  was  dehydrogenation,  whereas  the  principal  reaction  in  Hlnshelwood' s  ex¬ 
periments  was  dehydration.  This  may  not  represent  any  contradiction;  each 
kind  of  glass  accelerates  the  process  differently.  Moreover,  the  experiments 
made  by  Clark  at  a  comparatively  low  temperature  (210°)  and  by  Hlnshelwood  c 
over  a  wide  temperature  range  indicate  that  the  predominant  or  sole  reaction 
taking  place  in  glass  up  to  300-350*  is  dehydration,  dehydrogenation  beginning 
to  predominate  as  the  temperature  is  raised.  The  temperature  affected  the 
course  of  the  reaction  pronouncedly  in  the  experiments  run  by  Adkins  and  Nlssen 
IvT  using  glass  wool,  in  which  the  CO/CO2  ratio  dropped  fourfold  when  the  temp¬ 
erature  was  raised  from  320  to  36O* . 

In  our  research  on  the  kinetics  of  the  decomposition  of  formic  acid  with 
silica  gel,  we  began  with  an  investigation  of  the  catalytic  action  of  our  re¬ 
action  tube,  finding  that  the  tube  walls  did  not  affect  the  reaction  percep¬ 
tibly  at  temperatures  below  3OO* .  This  enabled  us  to  select  the  required  temp¬ 
erature  range. 

In  our  investigation  of  the  effect  of  glass  wool,  we  found  that  it  caused 
formic  acid  to  decompose  at  an  appreciable  rate  even  at  280°,  both  reactions 
occurring  simultaneously. 

We  used  an  82^  formic  acid,  inasmuch  as  Hlnshelwood  had  found  that, a 
higher  dilution  of  the  acid  with  water  (l;l)  had  no  perceptible  effect  upon  the 
process. 

Lastly,  in  view  of  the  findings  of  Graber  and  Cryber,  we  passed  formic  acid 
through  the  tube  at  a  rather  high  volumetric  rate  of  flow  (6  ml  of  formic  acid 
vapor  per  ml  of  catalyst  per  minute),  thus  ensuring  the  maximum  selectivity  and 
constancy  of  the  decomposition  reaction. 

Under  the  experimental  conditions  set  forth  we  secured  a  gas  consisting 
almost  entirely  of  pure  carbon  monoxide  (98-99^)  •  Thus,  oirr  findings  served  as 
a  basis  for  determining  the  kinetics  of  the  decomposition  of  formic  acid  by  way 
of  dehydration,  uncomplicated  by  any  side  reactions.  From  these  findings  we 
computed  the  activation  energy  of  the  reaction  and  the  coefficient  of  the  ex¬ 
ponential  term.  The  activation  energy  of  thermally  deactivated  Voskresensky 
silica  gel  (Q  =  15,^00  cal/mole)  was  found  to  be  somewhat  higher  than  that  of 
the  uncalcined  catalyst  (Q  =  l4,500  cal/mole),  while  the  coefficient  of  the  ex¬ 
ponential  term,  is  considerably  lower  (Kq  =  9«5°10^  versus  Ko  =  7° 10^).  The 
silica  gel  calcined  at  1100-1200*  was  almost  wholly  inactive  at  temperatures 
below  300° ^  while  above  that  temperature  the  reaction  was  predominantly  one  of 
dehydrogenation. 

German  silica  gel  likewise  decomposed  formic  acid,  yielding  98-99^  carbon 
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monoxide..  Its  activity  was  nearly  twice  as  great,  its  thermal  stability  lower, 
while  its  apparent  activation  energy  before. and  after  calcining  differed  but 
little  from  that  of  the  first  r>ampleo 

Adding  lithium  formate,  sodium  acetate,  sodium  hydroxide,  or  potash  to  the 
silica  gel  speeded  up  the  dehydration  of  formic  acid  considerably.  Potash  dis¬ 
played  the  greatest  promoter  action.  The  value  of  £  for  the  promoted  silica  gel 
was  much  lower  than  that  of  the  unpromoted  product. 

The  promoting  action  of  potash  is  the  same  for  active.  and  deactivated 
silica  gel,  the  acitivity  Increasing  3-^  times  in  each  case.  The  composition 
of  the  gaseous  reduction  products  secured  with  calcined  silica  gel  (at  800°) 
and  with  the  promoted  silica  gel  did  not  differ  from  that  secured  with  the  ini¬ 
tial  sample.  The  inalterability  of  the  course  taken  by  the  reaction  when  ac¬ 
tivated  silled  gel  is  replaced  by  thermally  deactivated  silica  gel  and  the  iden¬ 
tical  promoter  action  of  traces  of  minerals  on  the  active  and  calcined  silica 
gels  are  evidence  of  the  homogeneity  of  the  active  centers  of  the  surface  of  "the 
silica  gel,  which,  as  we  had  assumed  previously,  are  located  at  its  hydroxyl 
groups.  It  must  therefore  be  assumed  that  the  decrease  in  the  activity  of  sil¬ 
ica  gel  consequent  upon  calcining  is  due  to  a  decrease  in  the  number  of  active 
centers  at  the  surface  of  the  catalyst  (a  drop  in  the  value  of  Kq)  rather  than 
to  the  destruction  of  the  most  active  of  these  centers.  On  the  other  hand,  if 
the  active  centers  newly  formed  by  promoter  action  consist  of  a  mineral  impurity 
and  an  active  silica  gel  center  at  which  the  reaction  occurs  even  when  no  pro¬ 
moter  is  present,  these  new  centers  may  differ  from  the  old  ones  qualitatively, 
while  they  may  be  fewer  in  number  on  the  surface  than  the  simple  active  centers 
on  the  surface  of  the  unpromoted  silica  gel.  We  consider  the  fact  that  the  ac¬ 
tivation  energy  and  the  Kq  of  silica  gel  promoted  with  potassium  carbonate  are 
somewhat  lower  than  those  for  a  reaction  using  pure  silica  gel  to  be  a  confirm¬ 
ation  of  this  hypothesis.  When  we  compare  the  results  attained  in  this  research 
with  those  secured  earlier,  we  find  that  mineral  impurities  activate  silica  gel 
for  the  reaction  involving  the  dehydration  of  formic  acid,  whereas  they  poison 
the  catalyst  for  the  dehydration  of  alcohol  or  the  vapor-phase  hydrolysis  of 
benzene  halides  [s]. 

Our  experimental  findings  indicate  that  silica  gel  possesses  much  greater 
thermal  stability  in  the  dehydration  of  formic  acid  than  in  the  dehydration  of 
alcohol  and  vapor- phase  hydrolysis.  This  may  be  due  to  the  fact  that  the  num¬ 
ber  of  available  active  centers  at  the  surface  of  the  silica  gel  for  the  dehyd¬ 
ration  of  formic  acid  is  ten  times  as  great  as  for  the  dehydration  of  alcohol 
and  1000*tlmes  as  great  as  for  the  vapor-phase  hydrolysis  of  benzene  halides. 

As  our  findings  show,  the  number  of  active  centers  on  the  surface  of  1  g  of 
silica  gel,  calculated  from  the  optimum  quantity  of  potash  needed  for  promoting 
it  in  the  dehydration  of  formic  acid,  is  1.7“ 10^°. 

EXPERIMENTAL 

,  Experimental  and  analyt.ical  procedures.  The  silica  gel  we  used  as  a 
catalyst  was  first  treated  with  concentrated  nitric  acid,  washed  with  distilled 
water,  and  dried  at  105-110“ .  The  volume  of  the  catalyst  was  20  ml.  Its  weight 
was  9-10  g,  and  the  length  of  the  catalyst  bed  within  the  tube  was  6  cm.  Cal¬ 
cining  the  catalyst  at  800"  caused  practically  no  change  in  its  specific  gravity, 
whereas  calcining  it  at  1200°  caused  its  specific  gravity  to  rise  to  1.35* 

We  investigated  the  reaction  kinetics,  using  catalysts  of  practically  cons¬ 
tant  activity.  When  the  activity  of  a  given  catalyst  dropped  8  to  10^,  it  was 
discarded  and  replaced  by  a  fresh  one.  It  is  a  matter  of  course  that  the 

Estimated  from  the  comparative  activity  of  silica  gel  and  phosphate  catalysts. 
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volumetric  rate  of  flow  must  be  kept  unchanged  during  this  operation.  Inasmuch 
as  the  various  catalyst  batches  consisted  of  grains  of  approximately  the  same 
size,  while  equal  volumes  of  the  catalyst  had  the  same  weight,  these  batches 
could  be  considered  equivalent  to  one  another.  The  activity  of  these  equivalent 
batches,  tested  by  the  rate  of  decomposition  of  formic  acid  under  identical  ex¬ 
perimental  conditions,  did  not  vary  by  more  than  5-5^^  as  a  rule. 

The  reaction  tube  had  a 
partition  P  at  its  midpoint, 
formed  by  constricting  the 
glass  wall  of  the  tube  (Fig. 
l),  in  order  to  keep  the  cat¬ 
alyst  at  a  fixed  point  in  the 
tube.  The  pocket  for  the 
thermocouple  T,  likewise  made 
of  Pyrex  glass,  was  placed  in 
the  middle  of  the  catalyst 
bed  and  was  attached  by  means 
of  a  glass  stopper  fitting 
over  an  outer  ground-glass 
taper  of  the  reaction  tube. 

The  pocket  was  tightly  fitted 
to  the  glass  stopper  and  was 
attached  to  it  by  means  of  ^ 
the  rubber  tubing  S,  The  re¬ 
ceiver  R  was  attached  to  the  Fig.  1.  Layout  of  apparatus  for  determ- 

outer  ground-glass  tape  of  Ining  the  kinetics  of  the  dehydration  of 

the  other  end  of  the  reaction  formic  acid, 

tube.  The  gas  was  fed  into 
the  reaction  tube  via  the  out¬ 
let  0.  In  our  apparatus,  therefore,  the  formic  acid  and  its  vapor  came  in  con¬ 
tact  with  nothing  but  glass,  the  catalyst  being  held  in  position  at  a  fixed  point 
of  the  tube  without  the  use  of  any  internal  plugs  of  glass  wool  or  asbestos. 

The  vapor  and  gases  passed  through  the  catalyst  and  the  receiver  into  the 
coil. condenser  C.  From  the  condenser  the  gases  passed  through  a  three-way  stop¬ 
cock  to  an  analysis  apparatus  or  to  a  gas-measuring  buret. 

The  formic  acid  was  supplied  at  the  constant  rate  of  0.22  ml/mln  by  means 
of  a  special...y  designed  piston  device  run  by  clockwork  [s]. 

As  our  tests  have  shown,  the  reaction  is  extremely  slow  in  the  presence  of 
silica  gel  below  170°,  whereas  above  500°  the  effect  of  the  walls  of  the  glass 
reaction  tube  become  noticeable,  catalyzing  the  reaction  mainly  along  the  lines 
of  Equation  (l).  We  therefore  investigated  the  reaction  kinetics  in  the  200- 
500°  range,  the  gas  consisting  of  98-99^  carbon  monoxide  in  this  range.  The. more 
active  the  catalyst,  the  higher  the  purity  of  the  carbon  monoxide. 

We  attributed  the  formation  of  carbon  dioxide  at  temperatures  in  excess  of 
300®  to  the  catalytic  action  of  the  (Pyrex)  walls  of  the  reaction  tube,  rather 
than  to  the  action  of  another  kind  of  active  centers  of  the  silica  gel  (dehydro¬ 
genation).  This  was  borne  out  by  the  following  experiment:  In  an  experiment lun 
at  535%  1  nil  of  formic  acid  yielded  25O  ml  of  gas,  9*^  nil  of  which  was  carbon 
dioxide.  When  we  decomposed  formic  acid  in  the  same  tube  with  no  catalyst  pres¬ 
ent,  but  at  a  slightly  higher  temperature  (550*),  we  secured  25  ml  of  gas,  con¬ 
taining  10.5  ml  of  CO2.  Therefore,  about  as  much  carbon  dioxide  was  formed  in 
the  empty  tube  as  when  the  catalyst  was  present)  i.e.,  the  latter  plays  no  part 
in  the  dehydrogenation  reaction.  On  the  other  hand,  the  amount  of  carbon  dioxide 
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formed  at  418“  with  a  silica  gel  calcined  at  high  temperature  (1100-1200°)  was 
much  higher  than  could  he  formed  on  the  walls  of  the  reaction  tube  at  that  tem¬ 
perature,  This  formation  of  carbon  dioxide  is  due  to  a  change  in  the  structure 
of  the  catalyst,  new  active  centers  appearing  on  its  surface. 

Decomposition  of  formic  acid  by  Pyrex  and  molybdenum  glass,  glass  wool,  and 
asbestos.  As  we  see  in  Table  1,  glass,  asbestos,  and  glass  wool  accelerate  each 
of  the  two  reactions  (l)  and  (2)  involved  in  the  decomposition  of  formic  acid, 
as  well  as  the  overall  process,  differently. 

TABLE  1 


Decomposition  of  Formic  Acid  by  Glass  and  by  Asbestos 


Nature  of  surface 

Dimensions 
or  weight 

Tempera¬ 

ture 

Ml  of  gas  evolved 
per  ml  of  HCOOH 

^  composition  of  gas¬ 
eous  reaction  products 

CO2 

H2 

CO 

Pyrex  tube  ...... 

480  cm^ 

322° 

6 

43 

42 

15 

Sheet  asbestos... 

8  g 

322 

70 

17 

19 

61 

Powdered  molyb¬ 
denum  glass. .... 

10  g 

322 

$0 

38 

59 

23 

Glass  wool  ...... 

1  g 

322 

66 

36 

34 

30 

Glass  wool  ...... 

1  g 

280 

18 

l4 

14 

71 

In  the  empty  (Pyrex)  tube  and  with  powdered  molybdenum  glass.  Equation  (l) 
predominates,  whereas  reaction  (2)  (  ,  predominates  when  asbestos  is  used.  When 
glass  wool  is  used,  dehydration  predominates  at  280°,  whereas  dehydrogenation 
predominates  from  522*  upward. 

We  see  at  a  glance  the  high  activity  of  glass  wool,  1  gram  of  which  (cor¬ 
responding  approximately  to  an  internal  plug)  effects  12^  decomposition  of  the 
formic  acid  at  322°.  *  ^ 

Kinetics  of  the  decomposition  of  formic  acid  with  silica  gel.  As  we  see 
in  Table  2,  the  percentage  decomposition  of  anhydrous  formic  acid  rises  from 
2^  to  4l^  as  the  temperature  is  raised  from  I83*  to  28l* .  The  apparent  activa¬ 
tion  energy  of  the  reaction  was  15,400  cal/mole,  while  the  coefficient  of  the 
exponential  term  Ko  =  2‘’10®  (Fig.  2),  .  — 


TABLE  2 

Kinetics  of  the  Dehydration  of  Anhydrous 
Formic  Acid  with  Silica  Gel 


Fig.  2.  Kinetic  curve  of  the 
dehydration  of  anhydrous  for 
mic  acid  with  silica  gel. 


Data  on  the  kinetics  of  dehydration 
of  82^  formic  acid  are  given  in  Table  3 
and  Figs.  3  ^nd  4.  The  kinetic  constants 
of  the  reaction  in  the  temperature  range  242-292 

^The  gas  contained  98-9956  CO. 


Tempera¬ 
ture  ' 

Ml  of  gas  evolved 
per  ml  of  HCOOH  * 

Decomposition 
of  HCOOH,  I0 

183“ 

13o3 

2.2 

204 

28.3 

^.7 

237 

84.6 

14,3 

255  ' 

129.0 

21.8 

281 

245.0 

4i,2 

=  are  somewhat  different  from  the  values  found  for  the  anhydrous  acid. 

The  activity  of  the  silica  gel  was  diminished  by  at  least  50^  after  calcin¬ 
ing  for  5  hours  at  800° .  Five  hours  of  calcining  at  1100-1200°  effected  a  nearly 

complete  deactivation  of  the 

TABLE  3  silica  gel,  together  with  a 


TABLE  3  silica  gel,  together  with  a 

^  ^  ^  -r.  .  .  marked  change  in  its  volume. 

Kinetics  of  the  ^hydration  of  82*  Formic  Acid  maintain  a  con- 

_ _  stant  volumetric  rate  of  flov 

'  Temp-IMl  of  gas  Decomposi-  Per  cent  of  the  formic  acid,  we  used 

Catalyst;  era-  Revolved  tion  of  CO  in  the  20  ml  of  the  catalyst,  pre- 

1  ture  iper  ml  of  HCOOH,  in  gas  pared  by  calcining  55  ml  of 

_ !  _ I  HCOOH _ _ the  cold  sample,  in  the  tests 

!  cr  Q  i  oo  With  the  calcined  silica 

;  242  ;  57.5  0.1  99  , 

;  250  47.8  10.3  —  ^ 

I  262  63.6  13 • 7  98  The  gaseous  reaction 

I  273  83.3  I  18.0  —  products  secured  with  the 

j  29^  l44.0  i  31*0  :•  97  silica  gel  calcined  at  800° 

0-14  I  nna  I'T  n  '  T  'T  !  nfl  contained  1-2^  less  carbon 

Silica  22o  17  =  0  ■  3*7  98  411  4.1.  4  4- 4 

^  a  i  /a  ^  A  '  oQ  monoxide  than  in  the  experi- 

gel,cal-  I  240  23. 0  ;  5.O  98  ,  ...  a  4  ^ 

clned5  1259  ^4.5  I  9-6  |  97  “f to  a 

hr s.  at  !  283  8I1.O  !  18.1  i  95  ^ 

0QQO  I  !  !  change  in  the  properties  of 

silica  290  7.0  i  1.5  i  - 

vpl  ralj  'S'al  tt  s  7  O  i  _  to  the  fact  that  the  lowered 

^4  K  '■  activity  of  the  thermally 

IrT.  at  kl8  120'.0  seio  ^  -  deactivated  silica  gel  gave 

1100-  4-54  200  0  4^  2  —  scope, for  the  reaction 

1200°  occurring  at  the  walls  of 

the  reaction  tube. 

The  kinetic  constants 

of  the  reaction  using  silica  gel  calcined  at  800°  were:  Q  =  15,400  cal/mole  and 
Ko  =  7"  10'^. 


Catalyst ; 

Temp-! 
era-  ; 
ture 

Ml  of  gas 
evolved 
per  ml  of 
HCOOH 

Decomposi¬ 
tion  of 
HCOOH,  in 

* 

Per  cent 
CO  in  the 
gas 

i 

242° 

j  37.5 

8.1 

99 

Silica 

250 

262 

47.8 

63.6 

10.3 

13.7 

98 

gel 

273 

83.3 

18.0 

— 

294 

144.0 

31.0 

•  97 

Silica 

228 

17.0 

5.7 

98 

gel, cal- 

240 

23.0 

5.0 

98 

cined  5 

259 

44.5 

9.6 

97 

hrs.  at 

283 

84.0 

18.1 

95 

800° 

Silica 

290 

7.0 

1.5 

— 

gel,  cal- 

351 

33.5 

7.2 

cined  5 

393 

74.5 

16.1 

— 

hrs.  at 

4l8 

120.0 

26.0 

— 

1100- , 

454 

200.0 

43.2 

— 

1200° 

Thus,  calcining  the  silica  gel  causes 
little  change  in  the  activation  energy, 
but  an  appreciable  decrease  in  the  value 
of  Ko. 

The  activity  of  the'  silica  gel  de¬ 
creased  so  much  after  it  had  been  cal¬ 
cined  at  1100-1200°  that  the  formic  acid 
decomposed  at  a  barely  perceptible  rate 
when  it  was  used  at  290° . 


Xexp  'Oo 
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Kinetics  of  the  decomposition  of  ^179  /8?  /K^l^  ff*  M 

formic  acid  with  promoted  silica  gel.  -Llc^ 

The  data  on  the  rate  of  decomposition 

of  formic  acid  with  silica  gel  Impreg-  Fig.  3*  Kinetic  curves  of  t 

nated  with  various  admixtures  are  given  dehydration  of  82^  formic  a 

in  Table  4  and  Figs.  4  and  5.  As  might  with  silica  gel:  (l)  uncalc 

have  been  expected,  ammonia  and  ammonium  and  (ll)  calcined, 

chloride  do  not  remain  on  the  surface 
of  the  silica  gel,  and  hence  have  no 
effect  upon  the  latter's  activity. 

Sodium  acetate,  lithium  formate,  sodium  hydroxide,  and  especially  potash 
increase  the  activity  of  silica  gel  several  hundred  per  cent. 


Fig.  3.  Kinetic  curves  of  the 
dehydration  of  82^  formic  acid 
with  silica  gel:  (l)  uncalclned 
and  (ll)  calcined. 


■n£t^f>EOATxjDe.  (  °C  'j 


Fig.  4o  Percentage  decomposition  of 
formic  acid  as  a  function  of  the  tem¬ 
perature  of  the  promoted  silica  gel. 


t 


Fig.  Kinetic  curves  for  the  de¬ 
hydration  of  formic  acid  with  pro¬ 
moted  silica  gels. 


Thus,  in  contrast  to  the  reaction 
involved  in  vapor -phase  hydrolysis,  min¬ 
eral  admixtures  do  not  poison  the  silica  gel  in  the  decomposition  of  formic  acid, 
but  rather  promote  it. 

We  see  in  Fig.  ^4-  that  the  promoting  action  of  sodium  acetate  and  sodium 
hydroxide  is  almost  identical,  while  the  addition  of  potash  increases  the  activ¬ 
ity  of  the  catalyst  nearly  300^,  though  no  change  takes  place  in  the  gaseous 
products  of  the  reaction.  ' 

The  question  naturally  comes  to  mind:  is  the  increase  in  the  activity  of 
the  catalyst  when  it  is  promoted  due  to  the  formation  of  new  active  centers,  in 
which  the  silica  gel  and  the  mineral  admixtiire  both  participate,  or  is  the  in¬ 
crease  in  the  catalyst’s  activity  attributable  to  the  mineral  admixture  alone, 
deposited  on  the  silica  gel ?  To  answer  this  question  we  calcined  20  .ml  of  sil¬ 
ica  gel  at  1100-1200°,  saturated  it  with  a  solution  of  0.1  g.  of  the  lithium  salt, 
and  then  tested  the  activity  of  this  catalyst. 

Tables  3  and  4  Indicate  that  its  activity  increased.  Even  in  the  promoted 
form,  however,  this  calcined  silica  gel  displayed  very  little  activity.  Hence, 
a  mineral  admixture,  deposited  on  a  calcined,  catalytlcally  inactive  silica  gel, 
is  by  Itself  inactive.  It  must  be  assumed  that  the  mineral  admixture  is  ad¬ 
sorbed  at  the  active  centers  of  the  silica  gel,  thus  constituting  new  centers 
that  possess  increased  activity.  This  is  also  borne  out  by  the  fact  that  an  ex¬ 
cess  of  the  salt  (such  as  more  than  in  the  case  of  potash)  has  no  effect  upon 
the  activity  of  silica  gel  (Table  6) ,  We  see  in  Table  4  that  the  value  of  Kq 
and  the  activation  energy  drop  somewhat  when  silica  gel  is  promoted  with  a  minera- 
admlxture . 
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TABLE  4 


Kinetics  of  the  Dehydration  of  Formic  Acid  With 
Silica  Gel  Promoted  with  Salts  or  Alkali 


*C1  -  14,000  cal/mol,  Ko  =  2. 7*  lO*^. 
**Q  -  12,300  cal/mol,  Ko  =  3.6«lo'^. 


During  a  long  test, 
run  with  40  ml  of  silica 
gel^  promoted  with  0.5  g 
of  potash,  at  295”  and 
at  an  acid  feed  rate  of 
0.22  ml  per  minute,  de¬ 
composition  was  complete 
at  the  beginning  of  the 
experiment,  but  dropped 
off  to  76^  by  the  end  of 
the  run.  50  ml  of  82^ 
acid  was  decomposed  in  4 
hours  of  continuous  oper¬ 
ation.  A  total  of  some 
50  liters  of  carbon  mon¬ 
oxide  was  secured  in  the 
experiment.  Then  the 
catalyst  was  removed  and 
re saturated  .  with  0.5 
g  of  potash,  and  its  ac¬ 
tivity  was  tested  in  the 
decomposition  of  anhyd¬ 
rous  formic  acid  at  275° • 

It  was  found  that  the 
percentage  decomposition 
of  the  anhydrous  formic 
acid  was  likewise  100^. 

Kinetics  of  the  de¬ 
composition  of  formic  acid 
with  a  sample  of  German 
silica  gel.  This  sample  of 
silica  gel  had  previously 

exhibited  high  activity  in  the  vapor  phase  hydrolysis  of  chlorobenzene  [e], 
though  it  did  not  possess  high  thermal  stability.  As  we  see  by  comparing  the 
figures  in  Tables  5  and  5^  this  silica  gel  is  nearly  twice  as  active  as  the  first 
sample  in  the  dehydration  of  formic  acid  (Fig.  6).  Figure;  7  shows  the  kinetics 
of  the  reaction  for  the  German  silica  gel:  uncalcined  (l)  and  calcined  (ll).  • 


Catalyst 

Temp¬ 

era¬ 

ture 

Ml  of  gas 
evolved 
per  ml  of 
:HC00H 

Decomposi¬ 
tion  of 
HCOOH,  in 

Per  cent 

CO  in  the 
gas 

Silica  , 

250° 

133 

h- 

28,7 

99 

gel 

252 

136 

29.3 

- 

CUaCOONa  " 

270 

193 

4l.6 

- 

(25^)* 

275 

220 

47.5 

- 

293 

323 

70.0 

98 

Silica  [. 

220 

57 

12.3 

99.5 

gel  +  < 

250 

133 

28.7 

- 

NaOH  (l^)*t 

275 

228 

49.2 

98.5 

Silica  1’ 

225 

116 

25.0 

99.5 

gel  + 

24l 

188 

40.6 

- 

K^COa 

255 

261 

56.3 

- 

•••  ; 

Silica  gel 

284 

>^53 

93.5 

cAlcined  a1 

265 

11.0 

2.4 

- 

1100-1200® 

291 

37.4 

8.1 

- 

for  5  hrs. 

325 

74.4 

16.1 

- 

+  HCOOLl 
.  (1»)  ■ 

560 

133.5 

28.8 

Fig.  6.  Coraparativeoactivity  of"  • 
two  samples  of  silica  gel:  I  - 
Voskresenskyj  II  -  German. 


Fig.  7*  Kinetic  curves  for  the  de 
hydration  of  formic  acid  with  Ger 
man  silica  gel:  I  -  uncalcined; 

JI  -  calcined. 
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TABLE  5 

Kinetics  of  the  Dehydration  of  Formic  Acid  with  a  German  Silica  Gel 


Catalyst 

Tempera¬ 

ture 

Ml  of  gas  evolved 
per  ml  of  HCOOH 

Decomposition 
of  HCOOH, 

Per  cent  CO 
in  the  gas 

196® 

19 

4.1 

99 

216 

35 

7.5 

- 

240 

64 

13.8 

- 

Silica  gel  *  '  ^ 

255 

103  ' 

22.2 

- 

I 

267 

'  129  " 

27.8 

- 

271 

144 

31.0 

98 

Silica  gel,  calcined 
at  800*  for  24  hours**' 

259 

294  . 

311 

27,2 

65.5 

93.7 

5.8 

14.1 

20.2 

96  , 

82 

•4 

•Q  -  14,000  cal/noL  Ko  =  5-loL 
**Q  -  14,600  cal /mol,  Ko  =  3-lo'^. 


The  values  of  and  for  the  reactions  in  which  the  German  silica  gel  was 
used  are  not  far  from  those  found  in  the  reactions  with  the  Voskresensky  silica 
gel. 

Determination  of  the  number  of  active  centers  on ’the  surface  of  the  (Vos¬ 
kresensky)  siHca  gel.  The  data  on  the  effect  of  the  potash  concentration  upon 
the  catalyst  activity  are  given  in  Table  6.  We  found  that  increasing  the  pot¬ 
ash  concentration  from  0.5^  to  4^  by  weight  of  the  silica  gel  Increased  the  ac¬ 
tivity  of  the  catalyst,  whereas  aj;^  further  additions  caused  no  further  increase 
in  activity.  ' 


TABLE  6 

Effect  of  Potash  Upon  the  Activity 
of  Silica  Gel  in  the  Dehydration  of 
Formic  Acid 

Wt.  of  silica  gel  10. g;  volume  22 


Added  potash, 
grams 

Uas  evolved  per  min¬ 
ute,  ml 

0.0 

2.0 

0.05 

5.3 

0.10 

7.0 

0,20 

13.0 

0.30 

15.0 

0.40 

18.0 

0,60 

18.0 

1.00 

18.0 

TABLE  7 

Effect  of  Potash  Upon  the  Activity 
of  Silica  Gel  in  the  Dehydration  of 
96^  Ethyl  Alcohol 
(wt.  of  silica  gel  10  g;  volume  22 
ml 1  temperature  385  * ) 


Added  potash, 
grams 

Gas  evolved  per  min¬ 
ute,  ml 

0.0 

11.0 

0.001 

10.5 

0.006 

3.0 

0.010 

2.2 

0.020 

0.7 

0.030 

0.4 

0.050 

0.2 

0.100 

0.2 

On  the  assumption  that  one  molecule  of  potash  promotes  one  active  center, 
we  can  calculate  the  number  of  active  centers  on  the.  surface  of  1  g  of  silica 
gel  as  follows: 

_  o.>:6^o6:ioff  _  20 

138 “10  -i.riu  , 

where  0,4  g  is  the  optimum  quantity  of  potash  required  to  promote  the  given 
weight  of  silica  gelj  138  is  the  molecular  weight  of  potash)  and  10  is  the  weight 


of  the  silica  gel  to  he  promoted. 

Table  7  gives  the  data  on  the  effect  of  potash  on  the  activity  of  silica 
gel  in  the  dehydration  of  ethyl  alcohol  (volumetric  rate  of  flow:  20  ml  per  min¬ 
ute)  . 

Increasing  the  amount  of  potash  added  from  0.1^  to  0.4^  by  weight  of  the 
silica  gel  practically  deactivates  the  catalyst.  Hence,  the  number  of  active 
centers  on  the  surface  of  1  g  of  silica  gel  in  the  dehydration  of  ethyl  alcohol 
isr  A  =  1.7“10^®. 

SUMMARY 

1.  A  study  has  been  made  of  the  kinetics  of  the  dehydration  of  formic  acid 
with  two  active  samples  of  silica  gel  and  with  silica  gel  that  ha,d  been  thermally 
deactivated  and  promoted  with  mineral  additives. 

2.  It  has  been  found  that  the  only  reaction  occurring  in  the  temperature 
range  of  200-300*  when  silica  gel  is  present  is  the  dehydration  of  the  formic 
acid.  The  resultant  gas  is  nearly  pure  carbon  monoxide  {9^-99'1o) . 

3«  It  has  been  found  that  the  apparent  activation  energy  of  the  dehydration 
of  formic  acid  is  higher  for  thermally  deactivated  silica  gels  than  for  uncal¬ 
cined  silica  gol,  and  somewhat  lower  for  promoted  silica  gel.  The  value  of  Ko 
decreases  for  the  calcined  and  for  the  promoted  silica  gel'.  The  composition  of 
the  gaseous  reaction  products  (up  to  300°)  is  the  same  with  calcined,  uncalcined, 
or  promoted  silica  gel. 

4.  On  the  basis  of  the  findings,  the  hypothesis  is  advanced  that  the  ac¬ 
tive  centers  on  the  surface  of  silica  gel  are  all  alike  and  attached  to  its  OH 
groups. 

5.  It  has  been  shown  that  mineral  admixtures,  which  deactivate  silica’  gel 
nearly  100^  in  the  vapor-phase  hydrolysis  of  benzene  halides  and  in  the  dehyd¬ 
ration  of  alcohol,  promote  it  in  the  dehydration^,  of  formic  acid. 

6.  The  number  of  active  centers  on  the  surface  of  1  gram  of  silica  gel  ' 
has  been  calculated  from  the  minimum  quantity  of  salt  required  for  the  optinjum 
promoting  of  silica  gel  in  the  dehydration  of  formic  acid  and  for  its  poisoning 
in  the  dehydration  of  alcohol.  It  indicates  that  the  ultraporosity  of  silica 
gel  makes  10  times  as  many  of  its  active  centers  accessible  to  the  molecules 

of  formic  acid  as  to  the  molecules  of  ethyl  alcohol. 
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THE  OXIDATION  OP  ALLYL  AND  CIKHAHIC  ALCOHOLS 


WITH  A  CHROMIC  ACID  MIXITURE 


M.  D.  Ron 


Allyl  and  cinnamic  alcohols  may  be  oxidized  both  at  the  double  bond  and  at 
the  alcohol  group.  Oxidizing  allyl  alcohol  in  neutral  aqueous  solution  with 
potassium  permanganate,  E.E. Vagner  [i]  secured  a  yield  of  80^  of  glycerol.  N. 
Prilezhaev  [2]  also  oxidized  allyl  alcohol  at  the  double  bond,  using  benzoyl  per¬ 
oxide  dissolved  in  ether.  Prilezhaev  notes  that  practically  the  sole  oxidation 
product  under  these  conditions  is  glycidol.  Volkov  and  Volosovich  [3]  found 
that  when  cinnamic  alcohol  is  oxidized  under  the  conditions  laid  down  by  E.E. 
Vagner,  the  corresponding  glycerol  is  formed. 

In  view  of  the  fact  that  various  oxidizing  agents  display  individually 
characteristic  properties  in  some  instances,  we  decided  to  oxidize  allyl  and 
cinnamic  alcohols  with  a  chromic  acid  mixture.  Our  experiments  on  the  oxidation 
of  allyl  and  cinnamic  alcohols  with  a  chromic  acid  mixture  have  shown  that  the 
action  of  a  chromic  acid  mixture  on  unsaturated  primary  alcohols  results  in  the 
formation  of  unsaturated  aldehydes,  which  are  further  oxidized  to  unsatnrated 
acids.  The  reaction  of  unsaturated  primary  alcohols  with  a  chromic  acid  mixtijre 
is  represented  by  simple  equations  that  need  not  be  set  down. 

EXPERIMENTAL 

1.  Oxidation  of  allyl  alcohol  by  chromic  acid  mixture.  5  g  of  allyl  alco¬ 
hol,  with  a  b.p.  of  96-97»5*^  ^4^  0»8557>  ng®  1.415^,  was  dissolved  in  iOO  ml 
of  water.  Then  the  calculated  quantity  of  chromic  acid  mixture  was  prepared  ... 
(consisting  of  I5  g  of  potassium  dlchromate,  20  g  of  sulfuric  acid,  and  I50  g 
of  water).  The  mixture  was  added  a  drop^at  a  time  to  the  aqueous  solution  of 
the  alcohol,  the  reaction  mixture  being  carefully  stirred.  Thirty  minutes  af¬ 
ter  all  the  chromic  acid  mixture  had  been  added  the  solution  was  distilled,  the 
neutral  and  acid  products  being  driven  off  with  steam.  The  distillate  had  the 
sharp  odor  of  acrolein.  The  distillate  was  neutralized  with  soda,  and  the  neu¬ 
tral  product  was  distilled  from  it. 

The  distillate,  containing  volatile  neutral  products,  exhibited  bright 
violet-red  fluorescence  with  fuchsln  sulfurous  acid,  formed  a  mirror  with  ammon- 
lacal  silver  nitrate,  and  had  the  acrid  odor  of  acrolein.  Moist  silver  oxide 
was  added  to  the  distillate,  and  it  was  set  aside  to  stand  at  room  temperature. 
Upon  standing,  a  mirror  was  formed,  and  a  considerable  amount  of  metallic  silver 
was  thrown  down  as  a  black  powder.  After  the  odor  had  grown  much  less  pungent, 
the  excess  oxide  and  the  metallic  silver  were  filtered  out,  and  the  filtrate  was 
evaporated  and  placed  in  a  desiccator  above  sulfuric  acid.  The  prismatic  crys¬ 
tals  of  the  silver  salt  crystallized  out  after  some  time  had  elapsed. 

g  substances  O..O952  g  Ag.  p.l643  g. substances  C>:.0993  g  Foupd 

Ag  60.42,  60. 40.  C3H302Ag.  _  Computed' Ag  60.29.^  - - - 
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Hence,  the  neutral  products  contained  acrolein,  which  was  converted  by  the  moist 
silver  oxide  into  acrylic  acid. 

The  whole  distillate  residue  left  after  the  acrolein  had  been  driven  off 
was  used  in  investigating  the  acids.  The  salt  solution  was  evaporated  to  dry¬ 
ness  over  a  water  bath,  and  the  dry  residue  was  treated  with  absolute  alcohol 
to  leach  out  the  sodium  salts  of  organic  acids.  The  extracted  salts  of  organic 
acids  were  dissolved  in  water,  and  their  aqueous  solution  was  acidulated  with 
sulfuric  acid  until  its  reaction  was  acid  to  litmus  paper,  after  which  it  was 
distilled.  The  distillate,  which  had  an  acid  reaction,  was  neutralized  by  boil¬ 
ing  with  lead  carbonate,  the  excess  lead  carbonate  was  filtered  out,  and  the 
filtrate  was  evaporated  over  a  water  bath.  After  the  solution  had  cooled,  the 
lead  acrylate  settled  out.  No  non-volatile  acids  were  detected. 

0.0526  g  substance;  0.0445  g  PbS04.  0.1573  g  substance;  O.1527  g  PbS04. 

Found  Pb  57.40,  58.42.  CaHsOaPb.  Computed  Pb  57-86. 

2.  Oxidation  of  cinnamic  alcohol  with  chromic  acid  mixture.  10  g  of  cin- 
namic  alcohol,  with  a  b.p.  of  258®  and  a  m.p.  of  33";  was  dissolved  in  25O  ml 
of  water.  Then  a  calculated  quantity  of  chromic  acid  mixture  was  prepared,  con¬ 
sisting  of  50  g  of  potassium  dlchromate,  40  g  of  sulfuric  acid,  and  3OO  ml  of 
water,  and  the  mixture  was  added  a  drop  at  a  time  from  a  dropping  funnel  to 
the  aqueous  solution  of  the  alcohol  while  the  mixture  was  throughly  stirred. 

Forty  minutes  after  all  the  chromic  acid  mixture  had  been  added,  the  neutral 
and  acid  products  were  distilled  with  steam.  The  distillate  was  neutralized 
with  soda,  and  the  neutral  product  was  distilled  from  it. 

The  distillate,  which  contained  volatile  neutral  products,  displayed  a 
reaction  for  a  carbonyl  group,  yielded  a  characteristic  color  with  fuchsin  sulf- 
urous  acid,  and  formed  a  precipitate  with  a  m.p.  of  168-169“  (from  alcohol)  when 
treated  with  phenylhydrazine. 

0.1581  g  substance;  l4,8  ml  N2  (21°,  771  mm).  Found  N  12.48. 

C15H14N2.  Computed  N  12.62. 

All  the  distillate  residue  left  after  the  cinnamic  aldehyde  had  been  driven 
off  was  used  in  investigating  the  acids.  No  volatile  acids  were  found.  The 
resultant  salts  were  acidulated  with  sulfuric  acid  and  then  extracted  with  ether | 
the  ether  was  driven  off/  leaving  a  colorless,  thick  oil  which  crystallized  when 
left  in  a  vacuum  desiccator  overnight.  The  substance  was  recrystallized  from 
alcohol,  yielding  colorless 'crystals  with  a  m.p.  of  155-134°. 

0.1822  g  substance:  0.4912  g  CO2I  O.IOO5  g  H2O.  Found  C  72. 84^ 

H, 5.12.  C9H8O20  Computed  C  72.975  H  5  ^1- 

These  findings  suffice  to  prove  that  the  oxidation  of  cinnamic  alcohol  by 
a  chromic  acid  mixture  yields  cinnamic  aldehyde  and  cinnAmic  acid. 

SUMMARY 

I.  Allyl  and  cinnamic  alcohols  have  been  oxidized  with  chromic  acid  mixture. 

2.  It  has  been  shown  that  the  oxidation  of  primary  unsaturated  alcohols  with 
chromic  acid  mixture  yields  unsaturated  aldehydes,  which  are  then  oxidized  to  un¬ 
saturated  acids. 

5.  It  has  been  found  that  when  primary  unsaturated  alcohols  are  oxidized 
with  a  chromic  acid  mixture,  the  latter  oxidizes  the  alcohol  group,  rather  than 
the  double  bond. 
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RESEARCHES  ON  THE  CHEMISTRY  TECHNOLOGY 


OP  SYNTHETIC  HIGH- MOLECULAR  COMPOUNDS 
II,  THE  PREPARATION  AND  POLYMERIZATION  OP  ACETOMETHACRYLIC  ESTERS  OP  CELLULOSE 


A.  A.  Berlin  and  T.  A.  Makarova 

There  is  very  little  information  to  be  found  in  the  literature  (and  what 
there  is  is  incomplete)  on  the  synthesis  and  the  properties  of  cellulose  esters 
and  unsaturated  esters.  Aside  from  brief  statements  in  the  patent  literature, 
and  some  data  on  the  synthesis  of  cellulose  crotonates  [i],  no  papers  have  been 
published  along  these  lines.  Still,  the  introduction  of  double  bonds  into  the 
chain  of  the  macromolecule  of  the  natural  high-polymer  opens  up  the  prospect  of 
the  synthesis  of  three-dimensional  copolymers  of  cellulose  esters  with  various 
synthetic  unsaturated  compounds. 

The  present  paper  reports  the  initial  results  of  our  synthesis  and  polymer¬ 
ization  of  mixed  acetomethacrylic  ester c  of  cellulose.  Puri-fled,  previously  ac¬ 
tivated  cotton  cellulose  was  used  in  esterification.  At  first  we  attempted  to 
synthesize  cellulose  acetomethacrylate  by  reacting  the  cellulose  with  a  mixture 
of  methacryllc  acid  and  acetic  anhydride,  by  analogy  with  the  synthesis  of  mixed 
esters  of  cellulose  and  saturated  acids  [2]. 

Char  efforts  along  these  lines  met  with  failure,  however,  since  we  always 
obtained  fully  substituted  esters  of  acetic  acid  instead  of  the  mixed  acetometh¬ 
acrylic  esters  of  cellulose.  Evidently,  in  contrast  to  the  mixed  anhydrides cf 
acetic  and  other  low-molecular  saturated  acids,  the  acetomethacrylic  anhydride 
foormed  by  the  reaction  of  acetic  anhydride  with  methacryllc  acid  reacts  with 
the  hydroxyl  groups  of  the  cellulose  as  follows: 

ROH  +  CH3CO 

> 

CH2=C-C0 
I 

■  -  CH3 

This  compelled  us  to  resort  to  the  direct  esterification  of  cellulose  with 
methacryllc  anhydride. 

We  synthesized  the  methacryllc  anhydride  from  metacryl  chloride  and  sodium 
methacrylate  by  heating  their  mixture  over  a  boiling  water  bath,  followed  by 
processing  the  mixture  at  55-^0®  in  anhydrous  ethyl  ether.  Various  inhibitors 
were  used  in  the  synthesis  to  prevent  polymerization.  The  maximum  yield  (68^) 
of  the  methacryllc  anhydride  was  secured  by  boiling  the  reaction  mixture  for  3 
hours  over  a  boiling  water  bath  with  0.5^  of  cuprous  chloride  and  then  treating 
the  mixture  for  3  hours  with  boiling  sulfuric  ether.  Quinhydrone  ensured  a 
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yield  of  about  while  the  yield  of  the  anhydride  was  only  4l^  when  this 

inhibitor  was  not  use do 

In  contrast  to  acetic  anhydride,  methacrylic  anhydride  reacts  with  water 
extremely  slowly,  even  when  sulfuric  acid  is  present.  When  equal  volumes  of 
acetic  anhydride  and  a  10^  solution  of  sulfuric  acid  were  mixed  together,  for 
instance,  hydrolysis  was  complete  within  2-2.5  minutes,  whereas  methacrylic  an¬ 
hydride  did  not  react  with  water  even  after  2-5  days  when  the  same  reagent  pro¬ 
portions  were  employed.  The  comparatively  lower  activity  of  methacrylic  anhyd¬ 
ride  excludes  the  possibility  of  using  it  as  a  dehydrating  agent  in  the  activa¬ 
tion  or  esterification  of  cellulose. 

In  addition  to  methacrylic  anhydride,  we  likewise  tested  methacryl  chloride 
as  a  methacrylating  agent,  synthesizing  it  from  methacrylic  acid  and  phosphorus 
trichloride,  using  cuprous  chloride  or  hydroquinone  as  polymerization  inhibitor. 

We  found  that  the  yield  of  methacryl  chloride  depends  upon  the  order  in  which 
the  reagents  are  added  and,  to  a  much  lesser  extent,  upon  the  nature  of  the 
polymerization  inhibitor  employed. 

The  best  results  (68^  yield)  were  secured  when  the  methacrylic  acid  was 
added  to  the  phosphorus  trichloride  and  when  cuprous  chloride  (0,5^  l>y  weight 
of  the  methacrylic  acid)  was  used  as  the  polymerization  inhibitor. 

The  following  procedure  was  employed  in  acylating  cellulose  with  methacry¬ 
lic  anhydride  or  with  a  mixturerof  methacrylic  and  acetic  anhydrides. 

The  cotton  cellulose  was  saturated  with  an  equal  weight  of  glacial  acetic 
acid  and  kept  for  12  to  20  hours  in  a  hermetically  sealed  glass  container.  Af¬ 
ter  it  had  "ripened",  the  cellulose  was  gradually  added  to  the  acylating  mix¬ 
ture  at  15-20*.  An  excess  of  50^  over  the  quantity  of  methacrylic  anhydride 
theoretically  necessary  was  used,  while  the  quantity  of  acetic  anhydride  was 
enough  for  partial  substitution  of  the  OH  groups  and  for  the  binding  of  the 
water  contained  in  the  acetic  acid  and  in  the  cellulose.  In  some  of  the  tests 
the  acetic  anhydride  was  added  merely  as  a  desiccating  agent.  The  modulus  of 
the  reaction  mixture  varied  from  1:8  to  l;l4.  8-12^  of  sulfuric  acid  (sp.gr.  1.84) 

or"0,5^  of  perchloric  acid  _  was  used  as  the  esterlzlng  catalyst  per  100^  of 
the  mixture.  Acylation  was  carried  out  at  50-35”  (^P  to  45*),  with  0. 1-0.5^  of 
hydroquinone  added  as  a  polymerization  inhibitor. 

The  product  dissolved  completely  only  after  tetrachloroethane  or  glacial 
acetic  acid  was  added  to  a  sample  that  had  undergone  6-10  hours  of  acylation. 

The  reaction  mixture  was  desulfurized  by  adding  water  to  the  reaction  mixture 
(0.5  ml  per  g  of  cellulose)];  this  caused  the  temperature  to  rise  to  40* .  After 
the  mixture  had  been  held  at  t^is  temperature  for  40  minutes,  the  reaction 
product  was  precipitated  in  a  hot  water-alcohol  mixture.  The  ester  was  washed 
with  alcohol  and  water  until  its  reaction  was  neutral,  dried  at  20°,  and  then 
extracted  with  methanol  for  4  hours  to  eliminate  any  adsorbed  methacrylic  anhyd¬ 
ride.  The  yield  of  the  cellulose  methacrylation  product  ,  was  158-l40^  of  the 
cellulose  by  weight. 

We  found  that  this  product  was  soluble  in  glacial  acetic  acid  at  the  boil¬ 
ing  point  and  in  tetrachloroethane  in  the  cold.  It  did  not  dissolve  in  chloro¬ 
form,  acetone,  or  benzene,  even  at  high  temperatures.  The  niomber  of  combined 
methacrylic  groups  was  determined  by  the  Knorr  bromine  number  method.  In  view  ’ 
of  the  fact  that  the  products  of  the  destruction  of  cellulose  might  throw  the 
analysis  results  out  of  kilter,  the  double  bonds  were  determined  in  the  dis¬ 
tillate  after  the  saponification  had  been  acidulated  with  phosphoric  acid.  The 
procedure  we  employed  was  as  follows. 


About  2  g  of  the  ester  was  treated  with  75^  alcohol  for  an  hour  at  . 

Then  a  0,5  N  NaOH  solution  was  added,  and  the  mixture  was  kept  at  that  tempera- 
tyre  for  another  hour,  after  which  the  sample  was  kept  at  room  temperature  for 
2  hours.  The  saponification  number  of  the  ester  was  determined  by  titrating  it 
with  a  0.5  N  acid  and  phenolphthalein.  Then  the  precipitate  was  filtered  out 
and  washed  with  water  until  its  reaction  for  SO4”  and  double  bonds  was  negative. 
Cuprous  chloride  was  added  to  the  filtrate,  which  contained  sodium  sulfate, 
acetate,  and  methacrylate,  alcohol,  and  cellulose  destruction  products,  and  the 
whole  was  evaporated  to  a  volume  of  5O-6O  ml  over  a  water  bath,  after  which  the 
mixture  was  acidulated  with  orthophosphor ic  acid,  and  the  acids  formed  as  the 
result  of  saponification  were  driven  off.  The  percentage  of  methacrylic  acid 
was  determined  from  the  bromine  number  of  the  distillate.  The  percentage  of 
acetic  acid  was  determined  by  means  of  acidimetric  titration,  measuring  the 
difference  between  the  total  acidity  and  the  percentage  of  unsaturated  acid. 

Though  we  carried  out  the  reaction  in  acetic  acid,  even  excluding  acetic  anhyd¬ 
ride  from  the  acylation  mixture,  we  were  unable  to  secure  a  product  that  con¬ 
tained  more  than  one  methacryl  group  per  30  glucose  residues  of  the  cellulose. 

We  have  thus  established  that  under  the  experimental  conditions  selected 
the  reaction  involves  chiefly  a  substitution  of  the  acetyl  groups  for  the  cellu¬ 
lose  OH  groups.  In  all  these  instances,  apparently  the  methacrylic  anhydride 
reacted  with  the  acetic  acid  used  to  activate  the  cellulose,  rather  than  with 
the  cellulose  Itself.  By  and  large,  the  resultant  acetomethacrylic  anhydride 
reacted  with  the  cellulose  as  indicated  above,  only  an  insignificant  proportion 
of  the  anhydride  or  that  which  did  not  react  with  the  acetic  acid  replacing  the 
cellulose  OH  groups  by  methacryl  radicals. 

When  acetic  acid  was  excluded  from  the  reaction  zone  completely,  and  the 
cellulose  (previously  activated  with  methacrylic  acid,  in  the  presence  of  su]f- 
iiric  acid  totaling  4^  of  the  cellulose  by  weight)  was  acylated  in  a  mixture  con¬ 
sisting  of  methacrylic  anhydride,  used  in  100^  excess  over  the  quantity  theor¬ 
etically  required,  methacrylic  acid,  and  8-12^  of  sulfuric  acid,  the  methacryl- 
ation  process  was  extremely  slow.  The  resultant  product  contained  one  methacryl 
group  per  7  glucose  residues  and  was  wholly  Insoluble  in  various  organic  solvents. 

To  secure  a  mixed  cellulose  ester,  the  methacrylic  cellulose  derivative  wis 
then  acetylated  with  a  mixture  consisting  of  acetic  anhydride,  acetic  acid,  and 
a  catalyst  — ■ sulfuric  acid.  Enough  acetic  anhydride  was  added  to  replace  the 
remaining  free  OH  groups,  plus  a  excess.  The  quantity  of  sulfuric  acid  did 
not  exceed  8^  of  the  methacrylation  product  by  weight.  The  acylation  bath 
factor  was  ls8. 

Analysis  of  the  product  of  this  supplementary  acetylation  showed  that  the 
number  of  methacryl  groups  in  the  ester  had  dropped  from  0.42  to  O.15,  while 
the  number  of  acetyl  groups  had  increased.  Hence,  these  experiments  proved  that 
the  acetylation  process  involved  acidolysis  or  re-esterification,  resulting  in 
a  partial  demethacrylation. 

'  We  were  able  to  replace  an  even  greater  proportion  of  the  cellulose  OH 
groups  by  methacryl  radicals  by  activating  the  cellulose  for  24  hours  with  87^ 
formic  acid,  and  then  substituting  methacrylic  acid  for  the  latter.  When  this 
was  done,  the  very  same  methacrylating  mixture  enabled  us  to  secure  a  product 
containing  1,06  methacryl  groups  per  glucose  residue  after  20  hours  of  reaction 
at  40-45*.  This  product  was  also  insoluble  in  organic  solvents.  Supplementary 
acetylation  reduced  the  number  of  methacryl  groups  to  0.73  per  glucose  residue. 
This  made  the  products  of  supplementary  acetylation  soluble  in  tetrachloroethane, 
chloroform,  and  glacial  acetic  acid. 

Alongside  this  study  of  acylation  with  methacrylic  anhydride,  we  c  ; 


tested  the  esterification  .of  cellulose  with  methacryl  chloride.  For  this  reac¬ 
tion  the  cellulose  was  given  a  preliminary  treatment  with  boiling  dichloroethahe 
for  2  hours,  and  then  a  little  at  a  time  was  placed  in  a  mixture  of  pyridine  and 
dichloroethane,  A  solution  of  sulfur  in  carbon  tetrachloride,  totaling  0.5-1^ 
of  sulfur  by  weight  of  the  methacryl  chloride,  was  added  to  the  acylating  mix¬ 
ture  to  prevent  polymerization  during  the  esterification  process.  The  amount 
of  methacryl  chloride  used  was  calculated  on  the  basis  of  replacing  all  the  OH 
groups  in  the  cellulose,  plus  a  50^  excess  above  the  theoretically  required  quan¬ 
tity.  The  acylating  bath  factor  was  1:20.  After  the  cellulose  had  been  added, 
the  temperature  of  the  mixture  was  raised  to  100°,  and  the  reaction  was  con¬ 
tinued  for  10  hours.  The  esterification  product  was  isolated  as  a  fibrous  mass 
by  the  use  of  methanol.  Two  successive  methacrylations  yielded  a  product  that 
contained  one  methacryl  group  per  5  glucose  residues. 

The  reaction  of  methacryl  chloride  with  cellulose  involved  quite  extensive 
destruction  of  the  latter,  so  that  the  yield  of  the  methacrylatlon  product  did 
not  exceed  50-55^,  dropping  to  20-22^  after  two  successive  processings.  The 
destruction  was  even  greater  when  an  alkali  cellulose  desiccated  with  absolute 
ethyl  alcohol  and  nrocessed  with  methacryl  chloride. 

These  experiments  proved  that  methacryl  chloride  is  unsuitable  for  the  es¬ 
terification  of  cellulose,  so  that  we  did  not  use  this  reagent  in  our  subsequent 
experiments. 

The  acetomethacryllc  esters  of  cellulose  prepared  earlier,  by  two-stage 
esterification  with  methacrylic  anhydride  and  acetic  anhydride,  can  be  partially 
hydrolyzed  by  one  of  the  methods  employed  for  producing  an  acetone-soluble 
cellulose  acetate. 

We  also  secured  an  acetomethacryllc  ester  of  cellulose  containing  hydroxyl 
groups  by  methacrylating  a  secondary  cellulose  acetate  (5^*5^  CH3COOH)  at  45° 
with  methacrylic  anhydride  dissolved  in  acetone.  The  reaction  was  stopped  when 
0.2-0.25  of  the  hydroxyl  groups  had  been  replaced  by  methacryl  radicals.  The 
•secondary'*  cellulose  acetomethacrylate  thus  produced  was  readily  soluble  in 
chloroform  and  in  dichloroethane,  besides  being  soluble  in  acetone  and  ethyl 
acetate. 

We  made  a  study  of  the  acetomethacryllc  esters  of  cellulose  activated  with 
formic  acid  and  of  the  methacrylatlon  products  of  the  secondary  cellulose  acet¬ 
ate  to  determine  the  feasibility  of  polymerizing  them  and  of  copolymerizing 
them  with  some  low-molecular  monomers.  We  polymerized  the  cellulose  acetometh- 
acrylates  in  sealed  ampoules  at  65  +  0.5°  in  10^  acetone  solutions  (for  the 
*  secondary"  acetomethacrylate)  or  tetrachloroethane  solutions  (for  the  acetyl¬ 
ation  product  of  cellulose  raonomethacrylate) . 

Benzoyl  peroxide  (3-5^  of  the  respective  cellulose  ester  by  weight)  was 
added  to  the  solution  to  initiate  the  polymerization  process. 

Our  experiments  indicated  that  a  gel  insoluble  in  organic  solvents  is 
formed  even  when  the  cellulose  acetomethacrylate  contained  only  one  methacryl 
group  per  I5  glucose  residues. 

Increasing  the  percentage  of  methacryl  groups  increases  the  rate  of  gela¬ 
tion.  For  example,  an  insoluble  jellylike  product  was  formed  after  4.5  hours 
of  polymerization  of  the  “secondary"  cellulose  acetomethacrylate  in  which  0.2 
of  the  hydroxyl  groups  had  been  replaced  by  CH2C (CH3)“C0,  whereas  only  I.5 
hours  was  required  for  the  complete  conversion  of  an  esterified  product,  in 
which  0.7  of  the  hydroxyl  had  been  replaced  by  methacryl  groups,  into  an  insol¬ 
uble  gel  under  the  same  conditions.  The  viscosity  did  not  increase  during  the 
polymerization  of  the  cellulose  aeetomethacrylates,  indicating  that  these 


cellulose  derivatives  possess  three-dimensional  structures  without  passing 
through  the  stage  of  soluble  polymers  [a]. 

We  copoj^erized  the  cellulose  acetomethacrylates  with  low-molecular  mono¬ 
mers  under  the  same  conditions o  In  the  first  stage  of  our  research  we  explored 
the  feasibility  of  copolymerizing  1  to  10^  with  the  methylacrylate  and  the  di¬ 
methacrylate  of  diethylene  glycol «  Preliminary  tests  showed  that  adding  these 
monomers  results  in  the  formation  of  infusible  and  insoluble  copolymers.  An 
attempt  to  effect  the  three-dimensional  polymerization  and  colpolymerlzation 
of  cellulose  acetomethacrylates  without  a  solvent,  in  a  thin  layer  (a  film) 
on  a  glass  or  metal  surface  met  with  failure.  No  insoluble  or  infusible  poly¬ 
mer  was  found  even  after  72  hours  of  heating  to  80°  in  a  thermostat.  Apparently 
it  is  extremely  hard  for  the  radicals  to  encounter  the  double  bonds  of  the 
function  groups  under  these  conditions,  to  which  there  must  be  added  the  inhib¬ 
itory  action  of  atmospheric  oxygen. 

EXPERIMENTAL 

Synthesis  of  mcthacryl  chloride.  One-third  mole  of  phosphorus  trichloride 
and  0T5^~cuprouschloride  by  weight  of  the  methacrylic  acid  were  placed  in  a 
three-necked  flask  fitted  with  a  thermometer,  a  reflux  condenser,  and  a  drop¬ 
ping  funnel.  One  mole  of  methacrylic  acid  was  gradually  added  to  the  flask 
from  the  dropping  funnel  at  60-70” .  Then  the  contents  of  the  flask  were  kept 
at  60-70®  for  another  15  minutes,  and  heating  was  stopped.  Two  hours  later  the 
upper  layer,  consisting  of  methacryl  chloride,  was  decanted.  The  9.5-97°  frac¬ 
tion  was  collected  during  distillation,  the  yield  being  65-68*  of  the  theoret¬ 
ical.  n^°  1.4440j  MRp  25.25  computed  25.40. 

Synthesis  of  methacrylic  anhydride.  One  mole  of  finely  pulverized  sodium 
methacrylate,  dried  at  110*,  and  0.5^of  cuprous  chloride  were  placed  in  a  three 
necked  .flask  fitted  with  a  stirrer,  a  reflux  condenser,  and  a  dropping  funnel. 
-One  mole  of  methacryl  chloride  was  gradually  added  from  the  dropping  funnel, 
while  the  stirrer  was  turning  continuously. 

After  all  the  methacryl  chloride  had  been  added  to  the  reaction  mixture, 
the  temperature  of  the  bath  was  gradually  raised  to  100* ,  and  the  reaction  mass  ‘ 
was  stirred  for  5  hours  at  that  temperature.  Then  the  bath  temperature  was 
reduced  to  30-4-0“,  60  ml  of  anhydrous  sulfuric  ether  was  added,  and  the  whole' 
was  kept  for  another  throe  hours  at  30-40* .  The  reaction  mixture  was  then 
transferred  to  a  Claisen  flask,  and  the  methacrylic  anhydride  was  distilled  in 
vacuum.  A  fraction  with  a  b.p,  of  89*  at  5  was  collected.  The  yield  was 
66-68^  of  the  theoretical,  nj^®  I.454O5  MBp  40,55  computed  39*885  the  bromine 
number  was  209  (207.8  theoretlealjLy) . 

Esterification  of  cellulose  with  methacrylic  anhydride.  Cleaned  cotton 
cellulose  was  wetted  with  87^  formic  acid,  the  proportions  being  ls3>  aud  kept 
at  20*  for  24  hours.  The  cellulose  thus  processed  was  then  washed  3-4  times 
with  methacrylic  acid  and  squeezed  out  until  its  weight  was  three  times  its  - 
original  value. 

The  esterifylng  mixture  was  prepared,  with  a  bath  factor  of  12,  from  meth- 
^crylic  anhydride,  allowing  enough  for  the  complete  replacement  of  3  OH  groups 
plus  50-100^  excess,  methacrylic  acid,  and  H2SO4  amounting  to  8^  of  the  cellu¬ 
lose  by  weight.  The  cellulose  was  added  to  the  esterifylng  mixture  at  10- I5* 
with  constant  stirring,  the  process  taking  1-1.5  hours.  Then  the  temperature 
was  gradually  raised  to  45*  and  kept  there  for  18-I9  hours  with  continuous 
stirrer  operation. 

The  reaction  mass  became  homogeneous  after  12-15  hours,  though  large  quan¬ 
tities  of  fiber  were  observed  under  thcmicroscope,  even  when  the  reaction  was 


stopped  (after  20  hours).  The  cellulose  ester  was  thrown  down  in  a  heated  1:1 
mixture  of  water  and  alcohol^  and  then  it  was  washed  with  hot  water  and  with 
alcohol.  The  product  was  extracted  with  ether  for  hours  to  eliminate  the 
methacrylic  acid  adsorbed  by  the  ester. 

Acetylation  of  the  cellulose  monomethacrylate .  The  cellulose  monomethac- 
rylate  was  added  at  8-10®,  with  constant  stirring,  to  an  acetylating  mixture 
consisting  of  enough  acetic  anhydride  to  replace  the  rest  of  the  OH  groups  plus 
a  20-50^  excess,  acetic  acid,  and  sulfuric  acid  (representing  8^  of  the  mono¬ 
methacrylate).  After  all  the  monomethacrylate  had  been  added  to  the  mixture, 
the  temperature  of  the  latter  was  gradually  raised  to  35-^0* ^  and  the  reaction 
was  carried  out  at  that  temperature  for  5-6  hours.  Then  5  ml  of  water  was 
added  (as  a  de sulfur i zer ) ,  and  the  reaction  mass  was  precipitated  in  hot  water 
one  hour  later.  The  resultant  product  was  washed  with  water  and  dried  at  20®. 

Esterification  of  the  secondary  , acetylcellulose  with  methacrylic  anhyd¬ 
ride.  Calcined  sodium  carbonate  and  enough  methacrylic  anhydride  to  replace 
the  hydroxyl  groups  in  the  acetylcellulose  were  added  to  a  15^  acetone  solu¬ 
tion  of  'secondary"  acetylcellulose,  containing  2. 2-2. 3  acetyl  groups  per  glu¬ 
cose  residue.  The  mixture  was  heated  to  45°  and  kept  at  that  temperature  until 
a  thick  gel  was  formed,  after  which  the  temperature  was  lowered  to  25 “,  and  the 
mixture  was  allowed  to  stand  for  24  hours.  Then  a  small  quantity  (5-7  ml)  of 
water  was  added,  the  solution  was  diluted,  and  the  insoluble  salts  were  thrown 
down.  The  transparent  water-acetone  solution  of  cellulose  acetomethacrylate 
was  decanted,  and  the  resulting  product  was  precipitated  with  water,  washed, 
and  dried  at  20° . 


SUMMARY 

1.  Tile  conditions  required  for  the  synthesis  of  the  acid  chloride  and  the 
anhydride  of  methacrylic  acid  have  been  defined,  and  these  substances  have  been 
identified. 

2.  It  has  been  found  that  using  methacrylic  acid  mixed  with  acetic  anhyd¬ 
ride  as  the  esterifying  agent  results  in  the  formation  of  cellulose  acetates. 

3.  It  has  been  learned  that  esterifying  cellulose  with  methacrylic  anhyd¬ 
ride,  using  acetic  acid  as  the  medium,  likewise  results  in  the  formation  of 
cellulose  acetates. 

4.  Methacrylating  cellulose  with  the  acid  chloride  of  methacrylic  acid  in 
pyridine  and  the  reaction  of  the  acid  chloride  with  alkali  cellulose  are  both 
accompanied  by  cnnslderable  destruction  and  do  not  make  it  possible  to  add  more 
than  one  methacrylic  group  for  every  8  glucose  residues. 

5.  Cellulose  that  has  been  given  a  preliminary  formic -acid  treatment,  can 
be  ester if led  with  methacrylic  anhydride  when  no  acetic  acid  is  present,  yield¬ 
ing  a  monosub stituted  cellulose  methacrylate. 

6.  It  has  been  found  that  further  acetylation  of  the  resultant  cellulose 
methacrylates,  with  a  view  to  the  production  of  soluble  acetomethacryl Ic  deriv¬ 
atives,  is  accompanied  by  re-ester if ication,  resulting  in  the  partial  substitu- 

ion  of  acetyl  groups  for  the  methacryl  ones. 

7o  It  has  been  demonstrated  that  cellulose  acetomethacrylates  jn  solution, 
with  benzoyl  peroxide  present,  can  be  polymerized  or  copo.lymerlzed  with  esters 
of  methacrylic  acid,  yielding  infusible  polymers  and  copolymers  that  are  also 
insoluble  in  organic  solvents. 
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THE  CONDENSATION  OP  ETHYLENE  OXIDE  WITH  HQMOLOGS  OP  BENZENE 


N.  V.  Shorygina 


The  condensation  of  ethylene  oxide  with  benzene  or  with  its  homologs  takes 
place  in  the  presence  of  aluminum  chloride,  boron  fluoride,  and  other  catalysts 
employed  in  the  Friedel-Crafts  reaction.  The  feasibility  of  synthesizing  ^-aryl 
derivatives  of  ethyl  alcohol  by  this  method  is  mentioned  in  several  patents  [i]. 
These  patents,  however,  do  not  give  examples  of  the  condensation  of  ethylene  ox¬ 
ide  with  disubstituted  benzenes,  to  begin  with,  and  second,  no  study  appears  to 
have  been  made  of  the  condensation  process  or  of  the  structure  of  the  resultant 
alcohols,  the  latter  being  more  or  less  evidentlonly  in  the  condensation  of 
ethylene  oxide  with  heterocylcic  compounds  [2]. 

Of  these  condensations,  the  only  one  that  has  gained  acceptance  is  the  con¬ 
densation  of  ethylene  oxide  with  benzene  to  produce  3-phenylethyl  alcohol,: a 
rose  oil  that  is  a  high-quality  raw  material  for  the  perfumery  industry.  Con¬ 
densation  conditions  have  been  worked  out  for  the  synthesis  of  oil  of  roses  o 
that  give  a  yield  of  this  alcohol  as  high  as  65^  of  the  theoretical. 

At  first  a  coordination  compound  of  ethylene  oxide  and  aluminum  chloride 
is  formed  [3],  which  then  reacts  with  the  benzene  to  form  3-phenylethyl  alcohol 
and  a  certain  amount  of  dibenzyl. 

The  yield  of  3-phenylethyl  alcohol  is  a  maximum  when  the  process  is  carried 
out  at  a  temperature  no  higher  than  ^-10° ,  and  the  ethylene  oxide  is  added  in  a 
mixture  witji  air  or  an  inert  gas.  Air  or  nitrogen  is  bubbled  through  the  reac¬ 
tion  mass  to  remove  the  hydrochloric  acid  from  the  reaction  zone,  as  otherwise 
it  would  combine  with  the  ethylene  chloride  to  form  ethylene  chlorohydrin,  an 
unwanted  by-product. 

V/hen  homologs  of  benzene  are  condensed  with  ethylene  oxide,  the  course  of 
the  reaction  and  the  optimum  conditions  depend  upon  the  nature  and  the  quantity 
of  the  groups  or  atoms  replacing  the  benzene  hydrogen  atoms. 

Toluene  is  condensed  fairly  readily  with  ethylene  oxide  under  conditions 
that  resemble  those  used  for  the  synthesis  of  3-phenylethyl  alcohol.  The  yield 
of  3-p-tolylethyl  alcohol  is  UO-45^  of  the  theoretical,  based  on  the  toluene 
consumed.  Slight  fluctuations  of  the  reaction  temperature,  of  the  order  of  5- 
15“,  do  not  affect  the  alcohol  yield. 

The  condensation  of  ethylene  oxide  with  a  mixture  of  isomeric  xylenes  is 
an  incomparably  more  capricious  reaction.  The  reaction  temperature  must  not 
exceed  0-5*,  and  even  under  such  mild  conditions  the  yield  of  3-xylylethyl  -  . 
alcohols  does  not  exceed  30^  of  the  theoretical,  and  is  always  accompanied  by 
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side  reactions.  Raising  the  reaction  temperature  to  20-30"  makes  the  side  reac¬ 
tions  predominate,  resulting  in  the  formation  of  a  mixture  of  high-boiling  hydro¬ 
carbons,  out  of  which  a  large  quantity  of  diphenyl  crystallizes  after  some  time. 
The  formation  of  the  diphenyl  proves  that  the  xylene  loses  methyl  groups,  in 
addition  to  side  processes  that  are  unknown  to  us. 

The  yield  of  P-xylylethyl  alcohols  is  barely  lO'jt  when  the  reaction  tempera¬ 
ture  is  raised  to  as  little  as  10-15° . 

We  were  able  to  separate  the  3-xylylethyl  alcohol  we  synthesized  into  two 
fraction  by  repeated  fractionation  in  vacuums  Fraction  1  “■  b.p,  110-112°  at  2 
mm,  and  Fraction  2  —  b.p.  115-117*  at  2  mm. 

To  determine  the  position  of  the  ethylol  group  after  the  condensation  with 
the  benzene  homologs,  we  oxidized  the  synthesized  alcohols  with  dilute  nitric 
acid,  securing  the  acids  that  corresponded  to  P-p-tolylethyl  alcohol,  3-o-xylyl- 
ethyl  alcohol,  and  3-m-xylylethyl  alcohol.  The  melting  points  of  the  resultant 
acids  agreed  with  the  melting  points  given  in  the  literature  [4], 

Ethylene  oxide  can  be  condensed  with  chlorobenzene  only  at  100°  [2].  At 
lower  reaction  temperatures  the  yield  of  the  alcohol  is  barely  1-2^. 

We  were  unable  to  condense  ethylene  oxide  with  dichlorobenzene  (a  mixture 
of  the  ortho  and  para  isomers),  either  by  boiling  or  by  working  in  a  solution 
of  nitrobenzene, 

EXPERIMENTAL 

P-p-Tolylethyl  alcohol,  I50  g  of  toluene  and  50  g  of  AICI3  were  charged 
into  a  four-necked  flask,  fitted  with  a  stirrer,  a  reflux  condenser,  a  tube  for 
the  supply  of  ethylene  oxide  mixed  with  air,  and  a  thermostat.  The  free  end  of 
the  reflux  condenser  was  connected  to  a  water-jet  pump  that  served  to  draw  off 
the  hydrochloric  acid  formed  during  the  reaction.  The  flask  was  immersed  in  a 
bath  filled  with  snow  and  salt. 

The  ethylene  oxide  (75  g)  was  poured  into  a  Wilrtz  flask,  the  side  tube  of 
which  was  connected  via  a  tee  to  an  air  line.  At  the  start  of  the  reaction  the 
flask  containing  the  ethylene  oxide  was  not  heated,  the  quantity  of  ethylene 
oxide  reaching  the  reaction  flask  being  governed  by  the  force  of  the  air  stream 
drawing  it  in.  After  2-5  hours  had  elapsed,  when  half  the  ethylene  oxide  had 
been  drawn  off,  the  flask  was  placed  in  hot  water,  the  reaction  being  stopped 
as  soon  as  all  the  ethylene  oxide  had  been  drawn  off  (a  total  of  4-5  hours). 

The  temperature  in  the  reaction  flask  must  not  exceed  ^-10°  throughout  the 
reaction.  Then  the  reaction  mixture  was  poured  over  ice,  hydrochloric  acid 
was  added,  and  the  upper  layer  was  decanted,  washed  with  water  and  with  soda 
until  its  reaction  was  neutral,  and  desiccated  with  calcined  potash;  then  the 
toluene  was  driven  off,  and  the  alcohol  was  distilled  in  vacuum., 

3-p-tolylethyl  alcohol  is  an  oily  liquid  with  a  rather  fragrant  aromatic 
odor,  B.p.  10$°  at  4  mmj  d^®  0.997}  1.5275}  MR-n  found  41,964;  computed 

41,686.  ;.', 

3-Xylylethyl  alcohols.  A  xylene  mixture  with  a  b.p,  of  157-145°  was  poured 
into  the  reaction  flask  described  above,  the  proportions  being  the  same  as  be¬ 
fore.  The  reaction  was  similar  to  the  preceding  one,  but  the  chilling  of  the 
flask  had  to  be  more  efficient;  the  temperature  within  the  flask  could  not  ex¬ 
ceed  5° . 

The  3-xylylethyl  alcohol  was  divided  into  two  fractions  after  repeated 
fractionation  in  vacuum;  Fraction  1  with  a  b.p.  of  110-112°  (2  mm),  and  Fraction 
2  with  a  b.p,  of  115-117°  (2  mm). 
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A  high-boiling  fraction,  b.p.  165-167“,  that  contained  no  ethylol  groups 
was  also  recovered^  it  was  a  mixture  of  hydrocarbons  that  we  did  not  investigate 
any  further.  Diphenyl,  with  a  m.p.  of  70“ ^  crystallized  out  of  this  fraction 
after  some  time  had  elapsed. 

3-Xylylethyl  alcohols  are  oily  liquids  with  a  rather  fragrant  flowery  odor. 

o-Xylylethyl  alcohol:  b.p.  110-112“  (2  mmj|  d^®  0.9915;  1.5310;  MRd 

,'504)  found  k6 , 7^7 . 

m-Xylylethyl  alcohol:  b.p.  115-117°  (2  mm) 5  d^®  0.995j  n|^  1-5290; 

MRp  coii5)utigd- 1^6?.304;  found  46.598. 

"When  we  determined  the  percentage  of  alcohol  in  the  synthesized  alcohols, 
by  the  acetylation  method,  we  found  that  3-p-tolylethyl  alcohol  contained  102^ 
alcohol,  while  3-o-xylylethyl  alcohol  (Fraction  l)  contained  103^,  and  3-m-xylyl 
ethyl  alcohol  (Fraction  2)  contained  101^. 

We  used  the  method  of  oxidation  with  dilute  nitric  acid  (2  part's  of  acid, 
sp.gr.  1.5+3  parts  of  water)  to  determine  the  structure  of  the  synthesized 
3-arylethyl  alcohols.  We  believed  that  it  was  the  ethyl  group  containing  an 
oxygen  atom,  rather  than  the  methyl  groups,'  that  underwent  oxidation  first. 

We  succeeded,  in  fact,  in  securing  the  acids  that  corresponded  to  our  alcohols) 
viz.:  oxidation  of  3-tolylethyl  alcohol  yielded  p-toluic  acid  with  a  m.p.  of 
181®  (181"  in  the  literature))  while  oxidation  of  Fraction  1  of  the  3-xylylethyl 
alcohol  yielded  a  mixture  of  o-xylic  acid  with  a  m.p.  of  l44“  (l43*  in  the  lit¬ 
erature)  and  hemimellltlc  acid  with  a  m.p.  of  197°  (197*  in  the  literature). 

Oxidation  of  Fraction  2  of  the  xylylethyi  alcohol  yielded  symmetrical  m- 
xylic  acid  with  a  m.p.  of  166*  (167*  in  the  literature). 

The  synthesis  of  these  acids  was  confirmed  by  titration,  in  addition  to 
the  melting  points  given  above. 


SUMMARY 

1.  The  following  alcohols  have  been  synthesized  by  condensing  toluene  and 
xylene  (a  mixture  of  isomers)  with  ethylene  oxide:  p-p-tolylethyl  alcohol,  3-co- 
xylylethyl  alcohol,  and  symmetrical  3-m-sylylethyl  alcohol. 


2.  Oxidation  of  the  alcohals  with  dilute  nitric  acid  yielded;  p-tolulc 
acid,  o-xylic  acid,  hemlmellitic  acid,  and  sym-m-xylic  acid,  which  enabled  us 
to  evaluate  the  structure  of  the  synthesized  3-aryl-substltuted  ethyl  alcohols. 
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THE  ORG/U^OLITHIUM  COMPOUNDS  OP  1,  2- BENZANTHRACENE 


AND  THEIR  TRANSFORMATIONS 


R.  M.  Mikhailov  and  T. .  K.  Kozminskaya 


The  organic  compounds  of  lithium  are  now  as  accessible  as  the  Grignard 
reagents.  Organolithium  compounds  are  secured  even  more  readily  than  organo- 
magnesium  compounds  for  the  anthracenes  [i]  and  the  1,2 -benzanthracene  deriva¬ 
tives,  while  their  high  reactivity  makes  them  highly  valuable  in  syntheses. 

The  simplest  method  of  preparing  organolithium  compounds,  consisting  of  re¬ 
acting  lithium  with  halogen  derivatives  of  hydrocarbons,  falls  to  produce  lith¬ 
ium  derivatives  of  1,2 -benzanthracene,  as  was  found  to  be  the  case  with  the 
anthracenes  [i].  When  we  react  10-bromo-l, 2-benzanthracene  with  lithium  in 
ether,  we  get  only  traces  of  the  organolithium  compound,  the  main  reaction  pro¬ 
duct  being  1,2 -benzanthracene.  Much  more  1,2-benzanthryl-lO-lithium  is  produced 
in  an  ether -benzene  medium,  but  "even  under  these  conditions  the  amount  of  hydro¬ 
carbon  produced  is  extremely  high.  We  have  succeeded  in  securing  high  yields 
of  organolithium  compounds  of  the  1,2 -benzanthracene  series  by  reacting  m-butyl- 
lithium  or  phenyllithlum  with  t;he  corresponding  halogen  derivatives. 

The  reaction  between  lO-bromo-1, 2 -benzanthracene  and  n-butyllithium  takes 
place  in  a  few  minutesj  the  resultant  1,2-benzanthryl-lO-lithium  (l)  is  smoothly 
converted  into  the  carboxylic  acid  (II)  by  carbonic  acid.  The  organolithium 
compound  (l),  which  is  stable  in  diethyl  ether,  can  react  with  n-butyl  bromide, 
prepared  in  a  double  decomposition  reaction,  to  yield  lO-n-butyl-l, 2-benzanthra¬ 
cene,  so  that  prolonging  experiments  on  the  synthesis  of  the  organcmetalllc 


compound  results  in  a  decrease  in  the  latter’s  yield.  The  secondary  reaction 
involving  the  formation  of  10 -n-butyl -1,2 -benzanthracene  may  be  speeded  up  by 
adding  n-butyl  bromide  to  the  reaction  mixture,  thus  raising  the  yield  of  the 
butyl  derivativa-  to  55^*  Phenyllithiiam  reacts  much  more  slowly  with 


lO-bromo-l, 2-benzanthracene  than  does  n-butyllithium:  the  maximum  yield  of  the 
organolithium  compound  is  secured  by  heating  the  reagents  to  40®  for  45  minutes. 

1,2-Benzanthryl-lO-lithium  (l)  reacts  readily  with  alkyl  iodides.  Compound 
(l)  reacts  with  methyl  iodide  to  yield  80^  of  10-methyl-l, 2-benzanthracene  (ill, 
R  =  CH3),  no  matter  whether  n-butyllithium  or  phenyllithium  is  used  to  synthes¬ 
ize  the  organometallic  compound.  In  synthesizing  other  homologs  of  1,2-benzan¬ 
thracene,  the  compound  (l)  should  be  prepared  with  phenyllithium,  inasmuch  as 
the  use  of  n-butyllithium  involves  the  formation  of  10-n-butyl-l, 2-benzanthra¬ 
cene  as  a  by  product. 


R  =  CH3,  C2H5,  n-C3H7,  n-C4H9,  iso-CgHn 

This  method  of  synthesizing  the  homologs  of  1,2 -benzanthracene,  of  which 
10-methyl-l, 2-benzanthracene  is  a  highly  active  carcinogenic  agent  in  animals, 
as  strong  as  cholantlirene,  is  superior  to  all  the  methods  suggested  up  to  now 
for  the  synthesis  of  these  hydrocarbons  in  simplicity  and  ease  [2,3,4].  When 
1,2-benzanthryl-lO-lithium  is  reacted  with  ethyl  chlorocarbonate,  it  is  conver¬ 
ted  into  the  ethyl  ester  of  1,2-benzanthracene-lO-carbojcylic  acid  (IV);  reacting 
compound  (l)  with  ethylene  oxide  yields  10- 3-oxe;fchyl-l, 2-benzanthracene  (v), 
with  a  yield  that  is  77^  of  the  theoretical.  The  latter  compound  was  synthes¬ 
ized  by  Badger  and  Cook  [5]  with  a  yield  of  29^  by  reacting  ethylene  oxide  with 
the  organomagnesium  compound  of  1,2 -benzanthracene,  which  was  synthesized  with 
great  difficulty,  ' 


COOC2H5  ’  CH2-CH2OH 

(IV)  (V) 

When  we  react  the  organolithium  compound  (l)  with  acetophenone  we  get  1,2- 
benzanthracene  instead  of  an  additibn  product. 

9“Methyl-10-bromo-l, 2-benzanthracene  reacts  with  n-butyllithium  like  10- 
bromo-1, 2-benzanthracene.  The  resultant  9-niethyl-l,2-benzanthryl-10-lithium 
(Vl)  is  converted  into  9-roethyl-l,2-benzanthracene-10-carboxylic  acid  (VTl)  by 
the  action  of  carbon  dioxide;  the  organolithium  compound  (Vl)  reacts  with  methyl 
iodide  to  yield  9,l0-dimethyl-l,2-benzanthracehe  (VIIl),  which  is  an  extremely 
strong  carcinogenic  hydrocarbon.  Reacting  XVl)  with  ethylene  oxide  yields  9- 
methyl-lO-3-oxethyl-l, 2-benzanthracene  (IX)  (See  following  page) . 

EXPERIMENTAL 

All  operations  with  organolithium  compounds  were  performed  in  an  atmosphere 
of  anhydrous  nitrogen. 
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Action  of  lithium  on  lO-bromo-l, 2-benzanthracene,  a)  In  ether.  O.5  g  of 
pulverized  10-‘broino-l,2-benzanthracene  (m.p.  I5I.  O-I5I.5* ) }  20  ml  of  absolute 
ether,  And  O.O5  g  of  finely  cut  metallic  lithium  were  sealed  in  an  ampoule, 
which  was  heated  to  ^5°  with  periodic  shakings.  The  reaction  set  in  after  I.5 
hours  had  elapsed,  isolated  red  spots  appearing  on  the  surface  of  the  metal. 

Two  hours  after  the  onset  of  the  reactloai  the  deposit  of  10-bromo-l, 2-benzan¬ 
thracene  had  vanished.  The  deep-crimson  reaction  mixture  was  poured  over  pul¬ 
verized  solid  carbon  dioxide |  water  and  benzene  were  added  to  the  reaction  pro¬ 
ducts,  the  aqueous  layer  being  separated  and  acidulated  with  dilute  hydrochloric 
acid.  This  yielded  O.O5  g  of  1,2-benzanthracene-lO-carboxylic  acid  (6.8^  of 
the  theoretical),  with  a  m.p.  of  218-220®  after  recrystallization.  The  benzene 
solution  yielded  0,2  g  of  1,2-benzanthracene  with  a  m.p.  of  ,  repre¬ 

senting  a  5^^  yield.  This  procediore  involving  carboxylation  and  subsequent 
isolation  of  the  reaction  products  was  employed  in  the  subsequent  tests. 

b)  In  an  ether -benzene  mixture.  An  ether  benzene  solution  (1:1,  l4  ml) 
of  0.5  g  of  10-bromo-l, 2-benzanthracene  and  O.O5  g  of  finely  cut  lithium  was 
heated  in  a  sealed  ampoule  to  40-45®.  The  reaction  mixture  turned  red  after 
20  minutes  of  heating.  After  an  hour  of  heating,  the  dark-purple  solution  was 
carboxylated.  The  reaction  products  yielded  0,l6  g  of  1,2-benzanthracene-lO- 
carboxylic  acid,  with  a  m.p.  of  210-221®  (56.4^  of  the  theoretical),  and  0.08 
g  of  1,2 -benzanthracene  (21.6^  of  the  theoretical). 


Action  of  n-butylllthium  upon  10-bromo-l, 2 -benzanthracene.  0.5  g  of  n- 
butyl  chloride,  I5  ml  of  absolute  ether,  and  0.1  g  of  lithium  cut  into  thin 
leaflets  were  sealed  into  a  Schlenk  tube,  and  the  tube  was  agitated  for  2 
hours.  The  resulting  solution  of  n-butyllithium  was  filtered  through  a  No.  4 
glass  filter  to  remove  the  excess  lithium  and  the  lithium  chloride,  and  1  g 
of  10-bromo-l, 2-benzanthracene,  dissolved  in  I5  ml  of  anhydrous  benzene  (con¬ 
taining  no  thiophene),  was  added  to  the  filtrate.  The  reaction  mass  was  agit¬ 
ated  for  10  minutes,  and  then  part  of  the  ether  was  driven  off  in  vacuum.  The 
chilled  solution  yielded  a  finely  crystalline  yellow  precipitate  of  1,2-benz- 
anthryl-lO-llthium,  which  was  filtered  out,  dissolved  in  ether,  and  carboxylated 


to  1,2-benzanthracenG-lO-cartioxylic  acid  (vrith  a  m»po  of  ?l8-220* ) .  The  organo- 
lithium  compound  of  1,2-benzanthracene  was  freely  soluble  in  ether,  though  very 
sparingly  soluble  in  petroleum  ether.  Its  solutions  are  ignited  upon  contact 
with  the  air.  In  a  second  test,  using  the  same  quantities  of  the  initial  sub¬ 
stances,  the  reaction  mass  was  carboxylated  immediately  after  the  bromide  and 
the  n-butyllithiuro,  had  reacted  together  for  10  minutes.  This  yielded  0,75  g  of 

1.2- benzanthracene-lO-carboxylic  acid,  with  a  m.p.  of  212-216°,  representing 
82.3^  of  the  theoretical  yield.  After  recrystallization  from  dilute  acetic  acid, 
the  1,2-benzanthraceneTlO-carboxylic  acid  consisted  of  small  light-yellow  * 
needles  with  a  m.p.  of  219-220°.  The  literature  gives  the  m.p.  of  the  acid  as 
219-220°  [5],  The  benzene-ether  layer  was  concentrated  to  small  volume,  and 
alcohol  was  added  to  it.  O.O3  g  (4^)  of  1,2-benzanthracene,  with  a  m.p.  of  159- 
160°,  crystallized  out.  In  a  third  experiment,  the  same  amount  of  an  ether- 
benzene  solution  of  n-butyllithium  was  heated  to  40°  with  an  equal  quantity  of 
10-bromo-l, 2-benzanthracene  in  a  sealed  ampoule  for  5  hours.  Carboxylation 
yielded  0.^7  g  of  1,2-benzanthracene-lO-carboxyllc  acid  (52.8^  of  the  theoret¬ 
ical).  The  benzene-ether  solution  was  evaporated,  and  the  residue  was  crystal¬ 
lized  from  a  mixture  of  benzene  and  alcohol.  This  yielded  0.1  g  of  a  crystal¬ 
line  substance  with  a  m.p.  of  96-97*5° ^  which  exhibited  no  depression  of  the 
melting  point  when  mixed  with  a  sample  of  10-n-butyl-l, 2-benzanthracene .  The 

yield  of  the  hydrocarbon  was  10.7^  of  the  theoretical. 

• 

Action  of  phenyllithlum  on  10-bromo-l, 2-benzanthracene.  A  solution  of 
1  g  of  10-bromo-l, 2-benzanthracene  in  10  ml  of  benzene  was  added  to  a  filtered 
ether  solution  of  phenyllithlum,  prepared  from  O.9  g  of  bromobenzene,  O.O9  g 
of  lithium,  and  5  ml  of  absolute  ether.  The  ampoule  was  then  sealed  and  heated 
to  40*  for  45  minutes,  after  which  the  cooled  solution  was  carboxylated.  This 
yielded  0.75  g  of  1,2-benzanthracene-lO-carboxylic  acid,  with  a  m.p.  of  212a216°, 
the  yield  being  85^  of  the  theoretical.  We  were  unable  to  Isolate  a  substance 
with  individual  properties  from  the  ether -benzene  solution.  In  a  second  exper¬ 
iment,  made  with  the  same  amounts  of  the  initial  substances  and  run  at  20“  for 
45  minutes,  we  secured  72.7^  of  the  acid  (0.64  g) .  The  neutral  fractions  yielded 
0.17  g  of  10-bromo-l, 2-benzanthracene.  In  a  test  that  lasted  10  minutes  at  20°, 
we  got  45.4^  of  the  acid  (0.4  g)  and  42^  of  the  Initial  bromide  (0.42  g) .  In 
tests  lasting  2  and  5  hours  at  40“,  we  secured  83.4^  and  80^  of  the  acid,  res¬ 
pectively;  the  neutral  fractions  yielded  4  and  6.1^,  respectively,  of  1,2-benz¬ 
anthracene. 

10-Methyl-l,2-benz, anthracene  (ill,  R  =  CH3) .  3  g  of  10-bromo-l, 2-benzan¬ 

thracene  was  added  to  a  filtered  solution  of  n-butyllithlum,  prepared  from  I.5 
g  of  n-butyl  chloride.  After  the  light-brown  solution,  which  was  chilled  with 
ice  water,  had  been  agitated  for  10  minutes,  4.2  g  of  methyl  iodide,  diluted 
with  15  ml  of  absolute  ether,  was  added.  The  color  of  the  reaction  mixture 
turned  light  yellow.  Two  hours  later  the  reaction  mass  was  processed  with  water, 
and  then  the  ether -benzene  solution  was  evaporated  to  dryness.  The  residue  was 
crystallized  from  a  benzene -alcohol  mixture.  This  yielded  I.89  g  of  a  hydro¬ 
carbon  as  colorless  needles  with  a  m.p.  of  137-139° ^  representing  80^  of  the 
theoretical  yield.  The  hydrocarbon  had  a  m.p.  of  l40-l4l°  after  being  recrys¬ 
tallized  once  more.  It  exhibited  no  depression  of  the  melting  point  when  mixed 
with  a  sample  of  10-methyl-l, 2-benzanthracene  prepared  by  the  Fieser  and  Hersch- 
berg  method  [4], 

lO-Ethyl-1 ,2-benzanthracene  (ill,  R  =  Cglfe).  a)  Using  n-butyllithium.  An 
ether  solution  of  5  g  of  ethyl  iodide  was  added  to  an  organolithium  compound  of 

1.2 - benzanthracene,  prepared  from  n-butyllithium  and  2  g  of  10-bromo-l, 2-benz¬ 
anthracene.  The  hermetically  sealed  container  was  heated  to  50°  for  3  hours. 
After  having  been  washed  with  water,  the  ether -benzene  layer  was  evaporated,  and 
the  residue  was  treated  with  2  g  of  picric  acid  dissolved  in  benzene.  The 
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precipitated  picrate  was  twice  crystallized  from  benzene.  The  hydrocarbon  re¬ 
generated  from  the  picrate  was  crystallized  from  ethyl  alcohol.  This  yielded 
0*79  g  of  a  substance  as  light-yellow  needles  with  a  m.p.  of  110-112®,  repres¬ 
enting  47.5^  of  the  theoretical  yield.  It  is  difficult  to  purify  this  substance 
any  further.  The  literature  gives  the  m.p.  of  10-ethyl-l, 2-benzanthracene  as 
115o5-114°  [4]. 

4,165  mg  substances  14.267  mg  COsj  2.45  mg  H2O.  Found  C  93*48; 

H  6.49.  CsoHie-  Computed  C  93*71;  H  6.29. 

b)  Using  phenyllithium.  2  g  of  10-bromo-l, 2-benzanthracene,  dissolved  in 
10  ml  of  anhydrous  benzene,  and  5  g  of  ethyl  iodide,  dissolved  in  5  nil  of  abso¬ 
lute  ether,  were  added  to  a  filtered  solution  of  phenyllithium,  prepared  from 
1.8  g  of  bromobenzene ,  0,18  g  of  finely  cut  metallic  lithium,  and  10  ml  of  abso¬ 
lute  ether.  The  sealed  ampoule  was  then  heated  to  40°  for  3  hours.  After  the 
reaction  mixture  had  been  treated  with  water,  the  ether  benzene  layer  was  evap¬ 
orated,  and  the  residue  was  crystallized  from  petroleum  ether.  This  yielded 
1.28  g  of  a  substance  with  a  m.p.  of  110-112°,  or  77*1^  of  the  theoretical  yield. 
Recrystallization  from  the  same  solvent  yielded  I.I5  g  (69.6^  of  the  theoretical) 
of  10-ethyl -1,2-benzanthracene,  with  a  m.p.  of  113-114°. 

lO-n-Propyl-1, 2-benzanthracene  (III,  R  =  n-CaHy.  1  g  of  lO-bromo-1,2- 
benzanthracene,  dissolved  in  10  ml  of  benzene,  and  2.2  g  of  propyl  iodide  (pre¬ 
pared  by  the  Dangyan  method  [e])  were  sealed  into  an  ampoule  with  an  ether  solu¬ 
tion  of  phenyllithium  (made  from  0.9  g  of  bromobenzene).  The  sealed  ampoule 
was  heated  to  40“  for  3  hours,  yielding  0,62  g  or  70.4^  of  the  theoretical  of 
a  hydrocarbon  with  a  m.p.  of  106-109°.  Recrystallization  from  ethyl  alcohol 
yielded  O.56  g  of  the  hydrocarbon  as  slightly  yellowish,  tiny,  fleecy  needles, 
with  a  m,p‘.  of  IO8.8-IO9.3' »  The  m.p,  of  10-n-propyl-l, 2-benzanthracene  is 
given  as  107-108°  in  the  literature  [4]. 

4.341  mg  substance:  l4,790  mg  CO2;  2.702  mg  H2O.  Found  C  92.98; 

H  6.96,  C21H18.  Computed  C  93*29;  H  6.7I. 

10-n- Butyl-1 ; 2-benzanthracene  (III,  R  =  n-C4H9) .  a)  A  benzene  solution  of 
1  g  of  10-bromo-l, 2-benzanthracene  and  an  ether  solution  of  2.4  g  of  n-butyl 
iodide  [e]  were  added  to  an  ether  solution  of  phenyllithium,  prepared  from  0.9 
g  of  bromobenzene.  The  reaction  mixture  was  heated  to  40°  for  3  hours,  and 
then  decomposed.  Recrystallization  of  the  residue  from  petroLeum  ether  and  . 
then  from  ethyl  alcohol  yielded  0.6  g  (64.6^  of  the  theoretical)  of  a  substance 
with  a  m.p.  of  96.5-97.5°).  The  m.p.  of  10-n-butyl-l, 2-benzanthracene  is  given 
as  96.8-97.5°  in  the  literature. 

4,992  mg  substance:  16.96  mg  CO2;  3*228  mg  H2O.  Found  ‘jiai  C  92.72; 

H  7.23.  C22H20.  Computed  C  92.95;  H  7-04. 

b)  An  ether  solution  of  1.34  g  of  n-butyl  bromide  was  added  to  an  organo- 
llthlum  compound,  prepared  from  n-butylllthium  and  1  g  of  10-bromo-l, 2-benzan¬ 
thracene.  The  reaction  mixture  was  heated  to  40°  for  3  hours.  After  the  usual 
processing,  the  dry  residue  of  the  ether -benzene  layer  was  recrystallized  twice 
from  petroleum  ether,  and  then  from  ethyl  alcohol. 

This  yielded  0.32  g  of  10-n-butyl-l, 2-benzanthracene,  or  34.6^  of  the  the 
theoretical,  with  a  m.p.  of  95-97** 

10-Isoamyl-l ,2-benzanthracene  (ill,  R  =  Iso-C.gHii),  A  benzene  solution  of 
1  g  of  10-bromo-l, 2-benzanthracene  and  an  ether  solution  of  3*9  g  of  Isoamyl 
bromide  [e]  were  sealed  into  an  ampoule  with  an  ether  solution  of  phenyllithium, 
prepared  from  0,9  g  of  bromobenzene.  After  the  sealed  ampoule  had  been  heate'd 
to  40°  for  3  hours,  the  reaction  mixture  was  processed  with  water.  Double 
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recrystallization  of  the  ether-benzene  layer's  residue  yielded  Ool  g  of  1,2- 
benzanthracene.  The  evaporated  mother  liquor  yielded  a  precipitate  that  was 
recrystallized  from  ethyl  alcohol,  yielding  0.46  g  (47^2^  of  the  theoretical) 
of  a  substance  with  a  m.p.  of  86,5-88°,  as  elongated,  thin,  colorless  needles. 

5.154  mg  substances  10,66l  mg  CO25  2.057  nig  COpj  Found  C  92.851; 

H  7.34.  C23H22.  Computed  C  92. 58^  H  7*42. 

Action  of  acetophenone  upon  1,2-benzanthryl-lO-lithlum.  An  ether  solution 
of  0.45  g  of  acetophenone  was  added  to  an  organolithium  compound,  prepared  from 
n-butyllithium  and  1  g  of  10-bromo-l, 2-benzanthracene,  Thirty  minutes  later  the 
reaction  mixture  was  processed  with  water.  The  ether -benzene  layer  yielded  Q.56 
g  (42.8^)  of -a  crystalline  product  with  a  m.p.  of  151-156°.  This  substance  had 
a  m.p,  of  159-180*  after  recrystallization  from  petroleum  ether  and  exhibited 
no  depression  of  the  melting  point  when  mixed  with  a  sample  of  1,2-benzanthra¬ 
cene. 

Ethyl 'ester  of  1,2-benzanthracene-lQ-carboxylic  acid  (IV).  0.25  g  of  ethyl 

chlorocarbonate  was  added  to  a  chilled  ether -benzene  solution  of  1,2-benzanthra- 
cene-lO-lithium,  prepared  as  indicated  above  from  n-butyl] Ithium  and  0,5  g  of 
10-bromo-l, 2benzanthracene.  Half  an  hour  later  the  reaction  mass  was  washed 
with  WLter,  the  solvents  were  driven  off,  and  the  oily  residue  was  crystallized 
from  a  mixture  of  benzene  and  petroleum  ether.  This  yielded  0.28  g  of  a  sub¬ 
stance  with  a  m.p,  of  151-152.5“ •  The  yield  was  57^  of  the  theoretical.  Re- 
crystalllzatlon  of  the  ethyl  ester  of  1,2-benzanthracene-lO-carboxylic  acid 
yielded  small  light-yellow  prisms  with  a  m.p.  of  152-155«5“- 

4,445  mg  substance:  I5.68O  mg  CO25  2.l4l  mg  H2O.  Found  C  84.02; 

H  5^39c  CgiHisOg.  Computed  C  85.97;  H  5.37. 

lO-B-Oxethyl-1 ,2-benzanthracene  (V) .  Gaseous  ethylene  oxide  (about  1  g) 
was  passed  through  a  solution  of  an  organolithium  compound,  prepared  from  n- 
butyllithium  and  1  g  of  10-bromo-l, 2-benzanthracene.  The  mixture  warmed  up,  and 
a  voluminous  amorphous  precipitate  of  the  alcoholate  was  thrown  down.  When  the 
reaction  was  over,  tne  lithium  alcoholate  was  decomposed  with  water,  and  the 
resulting  precipitate  was  filtered  out,  yielding  O.51  g  of  lO-P-oxethyl-1,2- 
benzanthracene  with  a  m.p.  of  l82-l84° . 

The  residue  left  after  the  solvents  had  been  driven  off  was  crystallized 
from  benzene,  yielding  0.24  g  of  a  substance  with  a  m.p.  of  l80-l85° .  The 
yield  of  the  lO-^-oXethyl-l, 2-benzanthracene  was  8^.2^  of  the  theoretical. 
Recrystallization  from  ethyl  alcohol  yielded  0.68  g  of  white,  small-,  fleecy 
needles  with  a  m.p.  of  l86.7-l87.5° .  The  m.p.  of  10-3-6xethyl-l, 2-benzanthra¬ 
cene  is  given  in  the  literature  as  l8l.5-l82.5° ,  [sj. 

5.828  mg  substance:  12.559  mg  CO2;  2.054  mg  H2O.  Found  C  87.96; 

H  5.94.  C20H16O.  Computed  C  88,20;  H  5.92. 

9-Methyl-l,2-benzanthracene-10-carboxyllc  acid  (VIl) .  A  solution  of  1  g 
of  9 -methyl -10-bromo-l, 2 -benzanthracene  in  20  ml  of  benzene  was  added  to  a  fil¬ 
tered  ether  solution  of  n-butyllithium,  prepared  as  Indicated  above  from  0.5  g 
of  n-butyl  chloride,  0.1  g  of  llthiiim,  and  20  ml  of  absolute  ether.  Ten  min¬ 
utes  later  the  reaction  mass  was  poured  over  solid  carbon  dioxide.  Then  it  was 
treated  with  water,  and  the  filtered  aqueous  layer  was  acidulated,  yielding 
0.54  g  of  acid,  or  58.2^  of  the  theoretical  yield.  Recrystalllzatlon  from  ethyl 
alcohol  yielded  the  9-methyl-l,2-benzanthracene-10-carboxylic  acid  as  minute, 
light-yellow  needles,  with  a  m.p.  of  224.5-228°  (with  decomposition). 

5.587  mg  substance:  II.O62  mg  CO2;  1.627  mg  HpO.  Found  C  84. 16; 

H  5.07.  C20H14O2.  Computed  C  -85.89;  H  4.93. 
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9 jlO-Dimethyl-l> 2-benzanthracene  (VIIl) .  lo5  g  of  methyl  iodide  was  added 
to  an  ether -benzene  solution  of  9-niethyl-l>2-benzanthryl-10-lithium,  prepared 
from  1  g  of  9-niethyl-lO-bromo-l, 2-benzanthracene.  A  small  quantity  of  heat  was 
evolved  during  the  reaction^  and  the  color  of  the  solution  turned  light  yellow. 
Two  hours  later  the  reaction  mass  was  washed  with  water,  and  the  ether-benzehe 
layer  was  evaporated  to  dryness.  The  residue  was  crystallized  twice  from  ethyl 
alcohol,  yielding  O.5  g  of  a  hydrocarbon  as  light-yellow  leaflets,  representing 
62.5^^  of  the  theoretical  yield.  This  substance  exhibited  no  depression  of  the 
melting  point  when  mixed  with  a  sample  of  9^10 -dimethyl -1,2 -benzanthracene  that 
we  had  prepared  by  another  method  [v]. 

9-Methyl-lO-B-oxethyl-l, 2-benzanthracene  (IX) .  The  initial  reagents  were 
used  in  the  same  quantities  as  in  the  preceding  tett.  Passing  1  g  of  ethylene 
oxide  through  the  ice-chilled  solution  of  the  organollthium  compound  resulted  in 
the  throwing  down  of  an  amorphous  precipitate.  Twenty  minutes  later  the  lithium 
alcoholate  was  decomposed  with  water,  the  ether -benzene  layer  was  separated,  and 
the  solvents  were  driven  off.  The  residue  was  crystallized  from  benzene,  yield¬ 
ing  0.57  g  of  a  substance  with  a  m.p.  of  155-138° ^  a  yield  that  was  64^  of  the 
theoretical.  Recrystallizations  from  ethyl  alcohol  and  acetone  yielded  the  9- 
methyl-lO-3-oxethyl- 1,2 -benzanthracene  as  slightly  yellowish,  minute  needles 
with  a  m.p.  of  158-l40® . 

4.516  mg  substance:  15.886  mg  CO2;  2.551  mg  H2O.  Found  C  87. 80. 

H  6.56.  C21H18O'  Computed  C  88.O75  H  6.54. 

SUMMARY 

1,  The  method  of  synthesizing  organollthium  compounds  based  upon  the  reac¬ 
tion  of  lithium  with  halogen  derivatives  cannot  be  employed  in  the  1,2-benzan¬ 
thracenes. 

2.  Organollthium  compounds  of  the  1,2-benzanthracenes  can  be  readily  pre¬ 
pared  by  reacting  n-butyllithium  or  phenyllithlum  with  halogen  derivatives  of 
the  hydrocarbons. 

5".  Organollthium  derivatives  may  be  successfully  employed  in  synthesizing 
the  homologs  and  oxygen  derivatives  of  1,2 -benzanthracene. 

4.  The  synthesis  of  10-ethyl-l, 2-benzanthracene  and  its  higher  homologs 
requires  the  preparation  of  1,2-benzanthryl-lO-lithium  from  p^ienyllithlum. 
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THE  REACTION  OP  SOME  ORGANOMERCURY  COMPOONDB,  WITH  SUCCINIMIDE 


G,  A.  Razuvayev,  Yu.  A.  Oldekop  and  N.  S.  Vyazankin 


The  bond  between  mercury  and  carbon  is  a  rather  stable  one.  Complete 
organomercury  compounds  do  not  react  with  water,  ammonia,  and  alcohols.  Many 
instances  are  known,  however,  of  the  detachment  of  radicals  from  these  compounds 
by  acids,  sulfides,  halides,  hydrohalides,  metallic  halides  and  cyanides,  phos¬ 
phorus  halides,  acid  halides,  metals  [i],  phenols  [2],  hydrogen  [3],  ultravio¬ 
let  light  [4],  etc. 

The  reaction  of  succinimide  with  complete  organomercury  compounds  has  not 
been  described  up  to  now,  as  far  as  we  know.  We  investigated  the  reactions  of 
succinimide  with  the  following  complete  organomercury  compounds:  diphenylmerciiry, 
o-ditolylmercury,  diethylmercury,  dibenzylmercury,  and  a-  and  p-dinaphthylmerc- 
ury.  These  reactions  have  yielded:  phenylmercury succinimide,  o-tolylmercurysuc- 
clnimlde,  ethylmercurysuccinlmlde,  and  a-  and  3-naphthylmercurysuccinimide,  res¬ 
pectively,  No  mercurysuccinlmlde  was  formed  with  dibenzylmercury,  the  reaction 
yielding  only  metallic  mercury  and  dibenzyl.  The  R-mercurysuccinimldes  are  ' 
well-shaped  crystals,  for  the  most  part  very  freely  soluble  in  hot  water,  benz¬ 
ene,  and  chloroform.  The  structure  of  the  synthesized  R-mercurysuccinimides 
was  confirmed  by  analysis  for  mercury,  as  well  as  by  their  reactions  with  hydro¬ 
chloric  acid,  which  was  quantitative  in  accordance  with  the  following  equation: 

•  '■  RHgN(C0CH2)2  +  HCl  RHgCl  +  HN(C0CH2)2, 

and  by  synthesis  from  phenylmercury  hydroxide  and  succinimide. 

Only  one  derivative  is  described  in  the  literature,  the  ArHg  radical  being 
attached  to  the  nitrogen  atom  in  the  succinimide,  viz.;  p-hydroxyphenylmercury- 
succinimide.  It  was  synthesized  by  reacting  p-hydroxyphenylmercury  chloride 
with  succinimide  in  an  alkaline  alcoholic  solution  [5].  We  also  possess  some 
patent  information  on  syntheses  of  various  derivatives  from  ArHgOH  and  ArHgbcOCHa 
by  reacting  them  with  succinimide,  phthallmide,  pyrrole,  piperidine,  secondary 
amines,  and  other  nitrogen  compounds  [e].  No  individual  substances  have  been 
described,  however. 

Reacting  hydrogen  sulfide  with  phenyl-  and  o-tolylmercurysuccinimides  yields 
complete  organomercury  compounds.  The  ethyl-  and  a-naphthylmercurysuccinimides 
yield  the  respective  (RHg)2S  sulfides.  RHgl  is  formed  with  potassium  iodide; 

RHgN(C0CH2)2  +  KI  — -i-RHgl  +  (CH2C0)2NK. 

Thus  the  reaction  of  complete  organomercury  compounds  with  succinimide  is 
quite  general.  This  reaction  may  be  used  to  convert  the  usually  rather  diffi¬ 
cultly  soluble  R2Hg  into  the  freely  soluble  compounds  (even  in  water)  of  the 
RH^(CCX:;:H2)2  type,  which  in  turn  readily  yield  other  derivatives  of  the  RHgX 
type.  The  reaction  is  free  from  tarring  or  the  formation  of  by-products  and  may 
be  employed  for  the  synthesis  of  mercury  preparations  that  are  readily  soluble  in 
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water  and  for  establishing  the  structure  of  or ganomercury  compounds. 

EXPERIMENTAL 

Reaction  of  organomercury  compounds  with  succinlmlde.  The  organomercury 
compounds  were  reacted  with  succinimide  in  a  reaction  vessel  heated  over  an  oil 
bath.  The  reagents  were  reacted  together  in  the  molten  state.  In  the  high-. : 
melting  organomercury  compotmds  (a-  and  3-dinaphthylmercury)  the  succinimide, 
used  in  excess,  acted  as  a  solvent.  Our  experimental  results  are  tabulated  in 
the  subjoined  Table  1. 


TABLE  1 


Test 

No. 

R2Hg 

Used  for  the  reac¬ 
tion,  grams 

Oil -bath 
tempera¬ 
ture  ,  ° 

RH  Yield  RHGN(cOCH2)2 
yield 

RpHg 

..  i 

1 

(C6H5)2Hg  .... 

3.5 

2.0 

135-140° 

77.9 

90.4 

2 

(o-CH3C6H4)2Hg 

1.2' 

1.2 

155 . 165 

89.6 

85.7 

5 

(C6H5CH2)2Hg  . 

3.8 

1.0 

150-160 

- 

- 

4 

(C2H5)2Hg  .... 

4.9 

3.0 

135-1^5 

96,6 

86.9 

5 

(a-CioH7)2Hg.. 

2.3 

1.0 

lLO-145 

64,6 

63.2 

6 

(3-CioH7)2Hg.. 

2.3 

1.0 

145-155 

100.0 

57.1 

Tests  1,  2,  and  3  were  run  in  a  round-bottomed  flask  for  distilling  solid 
substances,  with  a  sword-shaped  side  tube,  to  which  a  small  reflux  condenser  was 
attached. 

In  Tests  1  and  2  the  respective  aromatic  hydrocarbons  were  condensed  in  the 
side  tube.  ,  They  were  determined  by  synthesizing  their  nitro  derivatives;  the 
benzene  was  nitrated  to  m-dlnitrobenzene  (m.p.  90°) >  and  the  toluene  to  2,4- 
dinitrotoluene  (m.p.  70°).  These  latter  compounds  exhibited  no  depression  when 
mixed  with  the  pure  products.  No  toluene  was  found  in  Test  J>.  Mercury  was  pre¬ 
cipitated  during  the  reaction.  The  contents  of  the  flask  were  dissolved  in  a 
acetone,  and  the  mercury  was  filtered  out.  The  merciiry  weighed  1.9  g,  or  9^.5^ 
of  the  theoretical.  The  acetone  was  driven  out  of  the  filtrate,  and  the  residue 
was  steam- distilled,  1.6  g  (88^)  of  dibenzyl  with  a  m.p.  of  52°  being  distilled 
off 5  it  exhibited  no  depression  when  mixed  with  the  pure  substance.  Test  4  was 
run  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser  connected  to  a  gas 
buret.  A  total  of  440  ml  (0.6  g)  of  ethane  was  evolved,  The  ethane  was  meas¬ 
ured  by  burning  it  in  the  All-Union  Heat  Engineering  Institute  apparatus,  the 
experimental  data  being  as  follows;  active  gas  used:  6.10  mlj  gas  volime  after 
combustion:  13.00  ml j  gas  volume  after  absorption  by  alkali;  0.25  mlj  CO2  volume; 
12.75  There  were  no  unsaturated  hydrocarbons.  Tests  5  and  6  were  run  in 

a  large  test  tube.  Naphthalene  began  to  sublime  during  the  reaction.  The  melt 
was  distilled  with  steam,  yielding  naphthalene,  with  a  m.p.  of  80° .  The  organo- 
mercury  derivatives  'of  succinimide  were  extracted  from  the  reaction  vessel  with 
water  in  all  the  experiments  except  Test  4,  the  pure  products  being  recovered 
by  an  ensuing  double  recrystallization  from  water.  The  excess  succinimide  re- 
amined  in  the  mother  liquor. 

Ethylmercury succinimide  (Test  4)  is  very  freely  soluble  in  cold  water,  so 
that  it  could  not  be  freed  of  its  excess  succinimide  by  recrystallization  from 
water.  The  melt  in  the  reaction  flask  was  extracted  with  hot  dichloroethane, 
the  succinimide  settling  out  as  the  solution  cooled.  The  succinimide  was  fil¬ 
tered  out,  and  the  filtrate  evaporated,  the  precipitated  ethylmercury  succinim¬ 
ide  being  recrystallized  twice  from  CCI4.  This  yielded  a  pure  product.  The 
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properties  of  the  organomer cury  derivatives  of  succinimlde  are  summarized  in 
Table  2. 


TABLE  2 


Test 

No. 

Melting 

Solubility 

Appearance 

RHgN (00012)2 

point, 

"0 

In  cold 
water 

In  hot 

water 

In  00 I4 

In  hot 
benzene 

of  crystal 
(from  H2O) 

1 

06H5HgN(000H2)2.oo.. 

192-193 

Low 

High 

Low 

High 

Oolorless 

needles 

2 

o-0H308H4HgN  (OOOH2 )  2 

178 

Low 

High 

Low 

High 

5 

02H5HgN(000H2)2- » •  0  0 

121-123 

Very 

Very 

High 

Very 

Oolorles 

4 

a-0ioH7HgN( 00012)2. . 

183 

high 

Poor 

high 

Low 

Low 

high 

High 

1  leaflet 

5 

3-0ioH7HgN(000H2)..= 

220-222 

Poor 

Low 

Low 

High 

We  made  a  quantitative  analysis  of  the  mercury  in  these  substances.  A 
weighed  sample  of  the  RHgN(C0CH2)2  burned  with  a  mixture  of  nitric  and  sulf¬ 
uric  acids,  the  mercury  cation  being  precipitated  with  hydrogen  sulfide.  The 
analysis  results  are  listed  in  Table 


TABLE  5 


Test 

RHgN  (00012)2 

Weight, 

grams 

HgS  produced;, 
grams 

Per  cent  merdury 

No. 

Experimental 

Oa^culated 

1 

0eH5HgN(000H2)2.oooo... 

0.3699 

0.2287 

53-31 

53. >Q 

2 

o-0H306H4HgN(0 0012)2- 0  0 

0.3169 

0.1883 

51.21 

51.^9'" 

3  ' 

02H5HgN (00012)2-  0 . , .  0 . . 

0.2864 

0.2020 

60.83 

61.23 

k 

a-0ioH7HgN(000H2)2- -  -  - 

0.2491 

0.1356 

'46.96 

^1-13 

5 

3-0ioH7HgN(000H2)2.-»-. 

0.2113 

0.1140 

46.51 

i+7.13 

Reaction  of  RHgN(C0CH2)g  with  HCl,  Klj,  and  HpS.  These  reactions  were  car¬ 
ried  out  in  test  tubes »  The  amount  of  RHgN(C0CH2y2  used  ranged  from  0.2  to  1.0 
g.  The  solvent  for  the  ethylmercury  succinimlde  was  water,  a  water -alcohol  mix¬ 
ture  being  used  for  the  other  succinimlde  derivatives.  The  solutions  were  heated 
to  70-80'.  An  excess  of  potassium  iodide,  amounting  to  ten  times  the  required 
quantity,  was  employed.  The  reactions  with  HCl  and  KI  were  instantaneous,  white 
precipitates  being  thrown  down.  After  the  mixture  had  stood  for  a  short  while, 
the  precipitates  were  filtered  out,  washed  with  water,  dried,  and  twice  recrys¬ 
tallized  from  hot  acetone  or  benzene.  When  H2S  was  passed  through  the  solutions 
of  CeH5HgNv(C0GH2)p  and  o-CH3C6H4HgN(C0CH2)2^  white  sulfides  were  formed  at  first, 
being  subsequently  decomposed  into  grayish-black  products  by  the  addition  of 
more  H2S.  The  mixtures  were  boiled  for  I5  minutes,  and  then  the  precipitates 
were  filtered  out,  washed  with  hot  water,  and  dried.  The  dlphenylmercury  and 
o-ditolylmercury  were  extracted  with  hot  benzene.  Dlphenylmercury  had  a  m.p.  of 
125",  and  o-ditolylmercury  a  m.p.  of  IO7",  neither  compound  exhibiting  any  de¬ 
pression  when  mixed  with  the  pure  substance. 

Sulfides  were  preciplted  in  the  reactions  of  C2H5HgN(C 0012)2  and  a- 
CioHvHgNCc 00112)2  with  H2S0  In  every  instance  the  reaction  products  were  identi¬ 
fied  by  their  melting  points  and  fusion  tests  of.  samples  mixed  with  the  piire 
substances.  The  following  organomercury  products  were  olDtained  in  the  reactions 
with  HOI  and  KI,  (Table  k) . 


TABLE  h 


RHgN(CC)CH2)2 


1  lC6H5HgN(C0CH2)2.---- 
'2  o-CH3C6H4HgN(C0CH2)2 

5  C2H5HgN(C0CH2)2 . 

k  a-CioH7HgN(C0CH2)2. • 
5  3-CioH7HgN(C0CH2)2.. 


SUMMARY 

1.  A  study  has  been  made  of  the  reactions  of  succinimide  with  diphenylmerc - 
ury,  o-ditolylmercury,  diethylmercury,  a-dinaphthylmercury,  and  3-dinaphthyliiierc- 
ury.  It  has  been  demonstrated  that  RHgN(C0CH2)2  is  formed  in  every  case. 

2.  All  the  organomercury  derivatives  of  succinimide  of  the  RHgN(C0CH2)2  typ© 
have  been  synthesized  for  the  first  timej  they  are  readily  crystallizable  color¬ 
less  substances  that  are  soluble  in  water. 

3.  When  reacted  with  hydrochloric  acid  or  potassium  chloride,  all  these  com¬ 
pounds  yield  the  respective  chlorides  and  iodides,  their  general  formula  being 
RHgX.  Phenylmercurysuccinimide  and  o-tolylmercurysuccinimide  yield  diphenylmerc - 
ury  and  o-ditolylmercury,  respectively,  when  reacted  with  hydrogen  sulfide,  where 
as  a-naphthylmercurysuccinimide  and  ethylmerc ury succinimide  yield  sulfides  of 
the  (RHg)2S  type. 

4.  Reacting  dibenzylmercury  with  succinimide  yields  dibenzyl  and  mercury. 
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Test 

NO. 


CsHsHgCl. ....  I 
o-CH3C6H4HgCl 

C2H5HgCl . 

a-CioH7HgCl. . 
3-CioH7HgCl. . 


1.05  98! 251* 
-  ;  l46 
1.10  95il95 
0.31  77' 189 
-1266 


CeHsHgT......  0.30  94 

o-CH3C6H4HgI  - 
C2H5HgI.....  0.20  91 

a-CioH7HgI..  0.30  69 
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THE  STRUCTURE  OP  BISULFITE  DERIVATIVES  OP  THE  AROMATIC  COMPOUNDS 


E.  M.  Ramdas,  D.  A.  Bochvar  and  M.  M.  Sheinyakin 


As  Me  know,  the  ability  to  form  bisulfite  derivatives  is  characteristic  of  - 
a  large  number  of  aromatic  compounds,  viz.s  individual  representatives  of  the 
naphtholsulfonic  acids,  naphthol-  and  aminoazo  dyes,  nitroso-  and  aminophthols, 
quinones,  polyatomic  phenols,  and  benzeneazo-benzenehydrazonaphthalenes.  Several 
views  have  been  put  forward  in  the  literature  concerning  the  structure  and  the 
mechanism  of  the  formation  of  bisulfite  derivatives  of  this  sort. •  In  the 
earliest  papers  (G.Bucherer,  A.  Spiegel),  some  of  them  were  assigned  the  struc¬ 
ture  of  Type  (l)  or  (ll).  Later,  it  was  supposed  that  only  the  ketone  forms  of 
the  enumerated  aromatic  compounds  could  react  with  i:  r  bisulfites,  forming  bi¬ 
sulfite  compounds  of  Type  (ill),  according  to  some  researchers,  and  a-hydroxy 
sulfo  acids  of  Type  (iV),  according  to  others  (N.N. Vorozhtsov,  sr.,  W. Fuchs, 

AcD. Lebedev,  and  V.N.Ufimtsev) .  S .  V <, Bogdanov  believes  that  these  ketone  forms 

add  a  molecule  of  the  bisulfite  at  the  ')c=c(  double  bond  of  the  ring,  yielding 
bisulfite  compounds  of  Type  (v) 

SOgMe^ 

(I)  .  (II) 

OH 

SOaMe^ 

(IV) 

(V) 

This  indicates  how  the  views  of  the  research  workers  in  the  field  differ 
concerning  the  structure  of  these  bisulfite  compounds.  As  the  result  of  the  re¬ 
searches  of  Vorozhtsov,  Sr.,  Bogdanov,  and  Ufimtsev,  it  may  be  regarded  as  proved, 
to  be  sure,  that  these  compounds  do  not  have  Type  (l)  structures.  There  is  ev- 
dence  that  at  least  some  of  them  do  not  possess  Type  (ll)  structures.  As  for 
the  other  types  of  structural  formulas,  none  of  them  has  yet  been  established  ex¬ 
perimentally  to  the  point  where  it  may  be  regarded  as  beyond  cavil.  The  reasons 
for  this  are  as  follows:  the  Instability  of  the  intermediate  reaction  products 
and,  in  some  instances,  of  the  final  bisulfite  compounds  as  well;  our  not  pos¬ 
sessing  effective  methods  for  isolating  them,  which  would  guarantee  that  the 
substances  do  net  change  during  the  refining  process;  and  the  lack  of  reliable 

*  Hie  literature  on  this  problem  is  largely  sumnardzed  in  the  papers 


methods  for  proving  the  nature  and  the  position  of  the  substituents  in  the  mole¬ 
cules  of  the  bisulfite  compounds.  All  this  forces  us  to  approach  new  assertions, 
and,  even  more  so,  generalizations  concerning  the  structure  of  substances  of  this 
kind  with  great  caution. 

Several  experimental  papers  have  been  published  during  recent  years  by 
Ufimtsev  [1-13],  in  which  he  states  that  all  bisulfite  compounds,  without  exception, 
have  the  Type  (iv)  structure.  In  these  papers  he  rejects  all  other  views  expressed 
in  the  literature,  while  proposing  a  series  of  new  equations  to  explain  the  way 
in  which  bisulfite  compounds  are  formed  and  their  subsequent  transformations. 

These  papers  of  Ufimtsev* s  give  the  impression  that  the  problem  of  the  structure 
of  bisulfite  compounds,  which  has  been  a  moot  point  for  so  long,  has  at  last  been 
solved  once  and  for  all.  We  have  pointed  out  in  previous  papers  [15-21],  how¬ 
ever,  that  Ufimtsev* s  notions  are  wrong  as  far  as  the  bisulfite  compounds  of 
paraquinones  are  concerned.  A  consideration  of  Ufimtsev* s  researches,  and  in 
some  instances  an  experimental  check,  involving  the  structure  of  bisulfite  com¬ 
pounds  of  other  types  of  derivatives  of  aromatic  compounds, *  likewise  led  us  to 
conclude  that  his  research  methods,  his  manner  of  proving  the  structure  of  the 
substances,  and  the  course  of  his  reasoning  were  all  far  from  convincing. 


Let  us  begin  with  Ufimtsev* s  assertion  that  all  the  derivatives  of  aromatic 
compounds  he  had  tested  [1-13],  reacting  in  their  ketonic  form,  added  a  bisulfite 
molecule  at  the  double  bond  of  the  carbonyl  group,  forming  a-hydroxy  sulfo  acids, 
the  structure  of  which  was  that  of  the  usual  bisulfite  compounds  of  aldehydes 
and  ketones  [Type  (IV)  formulas].  In  this  connection,  two  very  ^ell-known  cir¬ 
cumstances  must  be  pointed  outs  l)  that  the  )C;=0  group  of  ketones  can  react  with 
bisulfites  whenever  it  is  directly  attached  to  at  least  one  methyl  or  two  methyl¬ 
ene  groups,  2)  that  the  bisulfite  molecule  is  usually  added  to  a,3-unsaturated 

'  I 

ketones  at  the  double  bond  rather  than  at  the  C=0.  It  follows,  there¬ 

fore,  that  insofar  as  the  aromatic  compounds  investigated  by  Ufimtsev  in  their 
ketonic  form  were  a,p-unsaturated  ketones  and  did  not  contain  a  methyl  group  or 

two  methylene  groups  attached  to  the  ^C=0  group,  there  was  no  ground  for  sup¬ 
posing  that  these  compounds  had  to  be  converted  into  the  respective  a-hydroxy 
sulfo  acids  as  the  result  of  their  reactions  with  bisulfltes.  On  the  contrary, 

it  had  to  be  assumed  that  the  ^ C=C^  bond  of  the  ring  would  react  with  the  bi¬ 
sulfites  or  that  the  reaction  would  follow  a  wholly  different  course.**  Indeed, 
no  one  (not  even  Ufimtsev,  see  below)  has  ever  been  able  to  submit  rigorous  proof 
that  these  bisulfite  compounds  are  a-hydroxy  sulfo  acids  of  Type  (IV). 


In  fact,  what  are  the  research  methods  underlying  the  attribution  of  the 
structure  of  a-hydroxy  sulfo  acids  to  these  bisulfite  compounds  ?  As  for  the 
general  methods  (in  some  instances  the  only  methods  employed  by  Ufmit sev  and 
others***),  they  consist  solely  of  determining  the  empirical  ^formulas  of  the 
isolated  bisulfite  compounds  and  their  decomposition  into  their  initial  constit¬ 
uents  by  alkalies  or  acids,  the  latter  reaction  being  regarded  as  proof  of  the 
correctness  of  the  Type  (IV)  formulas,  since  the  ordinary  bisulfite  compounds  of 

_  _  - - i - -  _ 

Nanely,  nacbtholsulfo  acids ^  naphthol  and  amino  azo  dyes,  nitr^o-  and  aminonaphthols,  benzeneazo~  benzene- 
hydrazonapbttaalenes,  and  polyatomic  liienols  (resorcinol)  U-isJ.  . 

Except  for  the  ketonic  forms  of  some  polyatomic  phenols  (resorcinol)  ,  which  add  bisulfite  at  the^C"C<(^, 
and  the  ^C=0  double  bonds  owing  to  their  having  two  methylene  groups,  it  is  obvious  that  this  is  further 
conflrmaticm  of  our  comments  (also  vide  infra). 

For  example  in  the  study  of  the  bisulfite  compounds  of  naphtholsulfo  acids  and  amino  azo  dyes 
22*  23-*  end  of  the  bisulfite  compoimd  of  the  d-methyl-Ot-phenylhydrazone  of  lt4-naiAithoquinone  [^^ . 
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aldehydes  and  ketones  possess  similar  propcrtieSc  It  is  obvious,  however,  that 
a  method  involving  the  detaching  of  the  groups  that  had  been  previously  attached 
to  the  initial  molecule  cannot  be  regarded  as  a  rigid  proof  of  the  nature  and  the 
position  of  the  substituents  in  the  molecule  formed.  Moreover,  the  following 
facts  are  ignored  entirely s  l)  the  difference  between  the  Type  (ll),  (ill),  Ov), 
and  (v)  formulas,  all  of  which  represent  the  same  ultimate  analysis,  lies  pre¬ 
cisely  in  the  nature  and  position  of  the  substituent  groupsj  2)  we  still  have 
no  substantial  proof  of  any  difference  in  the  behavior  of  T^e  (IV)  and  (V)  bi¬ 
sulfite  compounds  with  acid  and  alkali  solutions.  • 

Therefore,  these  general  research  methods  cannot  be  regarded  as  proof  of 
the  correctness  of  any  of  these  formulas.  Hence,  the  assertion  of  Ufimtsev  and 
other  researchers  that  the  types  of  bisulfite  compounds  they  had  investigated 
were  "-hydroxy  sulfo  acids,  with  the  general  formula  (IV),  is  merely  a  hypothe¬ 
sis.  Nor  does  this  hypothesis  appear  any  more  convincing  after  a  critical  anal¬ 
ysis  of  the  special  methods  described  by  Ufimtsev  for  demonstrating  the  struc¬ 
ture  of  bisulfite  compounds.  We  shall  deal  with  these  methods  briefly  below. 

In  this  coimectirai  we  may  refer  to  Uflmtsev's  unfounded  assertion  that  only  those  bisulfite  molecules  that 

are  added  at  the  ^C  O  double  bond  [Type  (IV)]  are  readily  split  off  in  the  presence  of  an  alkali,  but  not 

those  attached  to  the  Nc'C/  [Type  (V)]  [^°].  Ufimtsev  made  this  statement  after  making  a  study  of  the 

properties  of  the  bisulfite  derivative  of  resorcinol  (VI),  the  molecule  of  which  represents  both  types,  (iv' 
and  (V). 

We  know  [ssjthat  an  alkali  can  convert  the  compound  (VI)  into  (XI),  either  by  (VI)  (VII)  (XI)  or 
by  the  equally  probable  reactions  (VI)  (IX)  (XI); 

X  SOgNa 


SOgNa 


SO^Na 


2NaW()3 


(VII):  X^OH 
(VIII):  X=NHCeH4NH2 


Hi  SOaNa 


2NaHS0b 


^aOsS  X 

(IX)  X  =  OH 

(X)  X  = 

isolating  the  intersiediate  compound  [(VII)  or  (IX)]  as  a  p-phenylenediamine  derivative,  but 
demonstrate  the  position  of  the  substituents  in  the  latter*  s  ring  ,  Ufimtsev  arbitraril; 
the  structure  of  (X),  whence  he  assuned  that  the  reaction  sequence  (VI)  '-v  (IX)  <XI)  ' 
then  inferretl  that  the  alkali  split  off  those  bisulfite  molecules  that  were  attached  to  the 

>0=^)  double  bond  rather  than  to  the  >C=C<  .  But,  inasmuch  as  the  formation  of  tte  compi 
(DC)  is  equally  probable  a  priori,  while  both  of  them  can  form  the  respective  is^eric  deri^ 


1.  Let  us  consider  the  method  used  by  Ufimtsev  to  demonstrate  the  structure 
of  the  bisulfite  compounds  of  naphtholazo  dyes  [3]*  This  method  was  designed  to 
prove  that  the  Type  (iV)  formula  was  correct  and  that  the  Type  (v)  formula  was 
incorrect.  The  only  difference  between  the  two  is  the  position  of  the  sulfo 
groups  and  the  double  bonds  in  the  ring.  Hence >  proving  the  position  of  the 
sulfo  groups,  say,  would  decide  the  problem  of  which  formula  was  right.  The 
method  described  by  Ufimtsev,  however,  was  as  follows  1  the  bisulfite  compound 
of  the  naphtholazo  dye  was  first  reduced  cautiously,  and  then  subjected  to  a 
stiff  hydrolysis  [3],  pp.  575-376,  Experiment  6),  resulting  in  the  detaching 
of  the  sulfo  group  from  the  molecule.  It  is  obvious  that  recovering  a  substance 
deprived  of  its  sulfo  group  as  the  sole  product  of  these  transformations  in  no 
way  solves  the  problem  of  the  position  of  this  group  in  the  initial  molecule. 
Ufimtsev  believes  [3],  however,  that  this  very  method  enables  him  to  determine 
the  position  of  the  sulfo  group  in  molecules  of  the  bisulfite  compounds  of 
naphtholazo  dyes  and  to  demonstrate  that  the  structure  of  these  compounds  is 
represented  by  Type  (iv)  formulas,  and  not' by  Type  (V) .  The  groundlessness  of 
these  assertions  needs  no  further  explanation.* 


2.  Ufimtsev  iised  another  approach  to  demonstrate  the  structure  and  the  mech 
anism  of  formation  of  the  bisulfite  compounds  of  benzeneazo-benzenehydrazonaphth 
aleneso  He  believes  that  the  latter  are  formed  as  follows  from  o-naphtholazo 
dyes  [9] .  •• 


N=N-Ar 


ArNHNHg 


N-NHAr 


-^SOaNa 

^[^NI^NHAr 


(XIII) 


Ufimtsev  judges  the  structure  of  the  intermedidite  compound  (XIl)  from  his 
investigations  of  the  reaction  of  the  naphtholazo  dyes  with  bisulfites  [2,3]. 

As  he  sees  it,  all  he  had  to  do  to  demonstrate  the  mechanism  of  the  second  stage 
of  this  reaction  was  to  react  phenylhydrazine  with  the  bisulfite  derivative 
(XIl),  thus  converting  it  into  the  end  product  (XIIl) .  Therefore,  according 
to  Ufimtsev,  the  structure  of  the  latter  compound  *  is  unmistakably  defined  by 
the  m^tjiod  of  its  synthesis",  which  he  had  described  in  19^6,  in  his  paper  [9]. 
But  in  setting  forth  his  experiments  and  conclusions,  Ufimtsev  lost  sight  of 
the  following  factors:  l)  that  the  structure  of  the  bisulfite  compounds  of 
naphtholazo  dyes  and,  hence,  of  the  intermediate  compound  (XIl)  as  well,  is  far 
from  proved  (see  below)  5  2)  that  according  to  his  own  earlier  findings  [3]^  the 

reaction  of  phenylhydrazine  with  the  bisulfite  compound  of  l-benzeneazo~2- 
naphthol  [which  Ufimtsev  says  has  the  (XIl)  structure]  results  in  the  formation 
of  nothing  but  the  phenylhydrazine  salt  of  this  compound  and  does  not  yield  the 
bisulfite  compound  (XIIl) 5  5)  that,  as  he  stated  himself  in  1943  [3],  the  reac¬ 
tion  resulting  in  the 'formation  of  a  bisulfite  compound' of  l-benzGneazo-2-benz- 
enehydrazonaphthalene  cannot  take  place  along  the  lines  set  forth  above,  since 
'  this  reaction  "by  no  means  involves  the  direct  reaction  of  the  bisulfite  com¬ 
pound  (XIl)  with  phenylhydrazine,  but  is  much  more  complicated",  requiring  an 
excess  of  bisulfite  in  addition  to  the  presence  of  phenylhydrazine  (cf  [3],  p. 

•  Nor  are  the  absorption  curves  given  by  Ufimtsev  and  Levin  [2]  for  the  bisulfite  compounds  of  naphthol¬ 
azo  dyes  evidence  of  the  correctness  of  the  Type  (IV)  formula,  since  these  curves  do  not  allow  us  to 
draw  any  definite  conclusions  as  to  the  structure  of  the  substances  in  question. 

•*  Ufimtsev  cites  a  similar  reaction  for  the  p-naphtholazo  dyes  [®]. 
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370)|  and  4)  that  the  new  experimental  findings  he  describes  himself  [9]  serve 
to  confirm  the  standpoint  he  had  expressed  previously  [3]^  rather  than  his  new 
reaction  scheme,  set  forth  above.  In  fact,  instead  of  reacting  nothing  but 
phenylhydrazine  with  the  bisulfite  compound  of  l-benzeneazo-2- (as  well  as  4-)- 
naphthol  (as  Ufimtsev's  second  set  of  reactions  calls  for),  he  carried  out  this 
reaction  with  bisulfite  as  well  as  phenylhydrazine  present,  while  the  synthesis 
of  his  end  product  required  the  heating  of  the  Isolated  intermediate  product 
with  benzaldehyde  [9].  It  is  clear  that  the  conditions  in  which  Ufimtsev  managed 
to  carry  out  this  process  have  nothing  in  common  with  the  conditions  required  for 
proving  the  correctness  of  the  set  of  reactions  he  suggests,  while  the  new  ex¬ 
periments  he  describes  merely  bear  out  his  earlier  point  of  view  concerning  the 
incorrectness  of  this  reaction  set  and,  hence,  of  Formula  (XIl)  as  well. 

5.  In  conclusion,  we  must  take  up  three  methods  of  research  that  enabled 
Ufimtsev  to  assert  that  the  bisulfite  compound  of  l-nitroso-2-naphthol  possesses 
the  Type  (iV)  structure.  These  investigations  boil  down  to  the  following  [4]. 
Reducing  the  bisulfite  compound  of  l-nitroso-2-naphthol  under  mild  conditions, 
Ufimtsev  assigned  the  structure  of  the  bisulfite  compound  of  l-amino-2-naphthol 
(XIV)  to  the  reduction  product  he  had  isolated,  then  held  that,  like  the  latter, 
the  initial  bisulfite  compound  of  l-nitroso-2-naphthol  must  also  have  the  Type 
(iv)  structure,  Ufimtsev  cites  the  following  findings  in  support  of  the  struc¬ 
tural  formula  (XIV)  for  the  bisulfite  compound  of  l-amino-2-naphthol  [4]:  its 
empirical  formula,  its  ability  to  be  decomposed  to  l-amlno-2-naphthol  when  acted 
upon  by  an  alkali  or  an  acid,  and,  lastly,  the  fact  that  it  can  be  oxidized  in 
an  aqueous  solution  in  the  cold  by  atmospheric  oxygen  to  l-amlno-2-naphthol-4- 
sulfonic  acid  (XVl) .  The  first  two  facts,  however,  give  absolutely  no  indlca- 
ion  of  the  position  of  the  sulfo  group  in  the  molecules  of  the  bisulfite  com¬ 
pounds  of  either  1-amino-  or  l-nitroso-2-naphthol,  whereas  the  last  fact  indi¬ 
cates  that  the  sulfo  group  is  located  at  the  4  position  instead  of  the  2  posi¬ 
tion.  There  is,  therefore',,  no  reason  to  believe  that  these  bisulfite  compounds 
possess  the  Type  (IV)  structure 5  on  the  contrary,  it  is  very  likely  that  their 
structure  is  that  of  Type  (V),  as  asserted  by  Bogdanov  [24] 

There  is  one  more  problem  discussed  by  Ufimtsev  that  we  must  take  up. 
Adopting  the  structure  (XIV)  for  the  bisulfite  compound  of  l-amino-2-naphthol 
he  had  described  and  finding  that  the  latter  can  be  oxidized  to  the  sulfo  acid 
(XVl)  under  the  conditions  set  forth  above,  Ufimtsev  proposed  the  following 
set  of  reactions  to  explain  these  transformations  [4]; 


(XIV)  (XV)  ’  '  (XVI) 


According  to  Ufimtsev,  this  set  of  reactions  was  checked  by  him  experiment¬ 
ally.  But  when  we  reviewed  the  experiments  in  question  (^f  [4],  pp.  162-I65), 
we  found  that  they  were  performed  under  conditions  that  bore  no  resemblance  to 
those  of  his  basic  experiment^ Involving  the  oxidation  of  the  compound  (XIV)  to 

•  In  an  effort  to  make  a  closer  investigation,  of  the  structure  of  the  bisulfite  conp<Mnd  of  l-aaino-2' 
naphthol  described  by  Ufimtsev,  we  tried  to  synthesize  this  compound  and  then  study  its  transformations. 
We  were  unable  to  reproduce  the  synthesis  of  this  substance,  however,  either  under  the  conditions 
specified  by  Ufimtsev  [ o  or  after  making  some  modifications  of  this  method.  In  every  case  we  recovered 
nothing  but  1  amino- 4“nai;Aithol  4*sulfonic  acid  and  l-amino“ 2 -naphthol. 
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the  sulfo  acid  (XVl) .  This  comparison  forced  us  to  doubt  the  correctness  of 
Ufimtsev’s  sequence,  which  seemed  to  us  to  be  unlikely  in  general,  inasmuch  as 
the  intermediate  l-amino-2-naphthol  (XV)  had  to  be  sulfonated  at  room  temperature 
by  an  approximately  aqueous  solution  of  HpSOs  or  H2SO4,  according  to  the  con¬ 
ditions  he  describedo 

¥e  therefore  thought  it  advisable  to  go  into  this  matter  somewhat  deeper, 
studying  the  ability  of  l-amlno-2-naphthol  (XV)  to  be  sulfonated  to  the  sulfo 
acid  (XVl)  under  the  conditions  called  for  by  Ufimtsev's  diagramo  As  was  to  be 
expected,  however,  l-amlno-2-naphthol  underwent  no  changes  at  all  under  these 
conditions  (cf  the  experimental  section  below) .  Hence,  both  the  Ufimtsev  dia¬ 
gram  cited  above  and  his  assertion  that  he  had  verified  this  diagram  experiment¬ 
ally  had  to  be  rejected  as  false. 

We  must  therefore  conclude  that  the  experimental  data  available  in  the  lit¬ 
erature  do  not  enable  us  as  yet  to  adopt  either  one  of  the  structural  formulas 
advanced  for  the  bisulfite  derivatives  of  aromatic  compounds  as  the  correct  one, 

EXPERIMENTAL 

To  investigate  the  feasibility  of  sulfonating  l-amino-2-naphthol  by  dilute 
solutions  of  sulfuric  or  sulfurous  acids  (in  the'  latter  case  with  atmospheric 
oxygen  present),  we  first  had  to  find  a  way  of  recovering  l-amino-2-naphthol 
quantitatively  from  dilute  solutions  of  its  salts,  and  then  determining  it  with 
a  sufficiently  high  degree  of  accuracy.  This  method,  developed  by  us,  is  set 
forth  below. 

1.  Determination  of  l-amino-2-naphthol.  1,00  g  of  freshly  recrystallized 
l-amino-2-naphthol  hydrochloride,  dried  to  constant  weight  at  50-^0®  in  vacuum, 
was  dissolved  at  20”  in  5^  nil  of  ^  ^”^1°  solution  of  sulfurous  acid.  An  aqueous 
solution  of  2  g  of  sodium  acetate  trihydrate  saturated  in  the  cold  was  added 
to  the  resulting  solution.  A  white  precipitate  of  the  l-amino-2-naphthol  base 
was  thrown  down  at  once.  The  resultant  mixture  was  chilled  to  0-2°,  and  the 
precipitate  was  filtered  out  on  a  weighed  Schott  No.  3  funnel.  The  precipitate 
was  quantitatively  transferred  to  the  funnel  by  means  of  the  mother  liquor,  care 
being  taken  that  the  precipitate  was  always  covered  by  a  layer  of  the  liquid. 
After  all  the  l-amlno-2-naphthol  had  been  transferred  to  the  funnel,  it  was 
squeezed  out  and  then  washed  five  times  with  a  0.01^  aqueous  solution  of  sulf¬ 
urous  acid  chilled  to  0-5°,  with  5-6  ml  of  the  solution  used  each  time.  Then 
the  funnel  with  the  well-squeezed-out  precipitate  was  connected  to  a  small,  8- 
10  ml  test  tube,  for  suction-filtering.  The  l-amino-2-naphthol  base  was  tri¬ 
turated  directly  on  the  funnel  for  5-8  minutes  with  5  ml  of  concentrated  hydro¬ 
chloric  acid  chilled  to  0-2°,  care  being  taken  that  the  precipitate  did  not 
climb  too  high  up  the  funnel’s  walls.*  The  precipitate  was  filtered  out,  and 
the  resultant  hydrochloric  mother  liquor  was  chilled  to  0-2°  and  then  again  used 
to  treat  the  precipitate  on  the  funnel.  This  processing  was  repeated  another 
3  or  4  times,  after  which  the  resulting  precipitate  of  l-amino-2-naphthol  hydro¬ 
chloride  was  squeezed  out  well  and  washed  twice  with  ether.  The  precipitate  to¬ 
gether  with  the  funnel  was  dried  to  constant  weight  at  30-40°  in  vacuum,  first 
in  a  current  of  air  that  had  first  been  passed  through  two  Tishchenko  bottles 
filled  with  an  alkaline  solution  of  pyrogallol,  and  then  -  after  the  odor  of 
hydrochloric  acid  had  disappeared  —  without  any  air. 

We  usually  got  O.98  g  of  ash-free  l-amino-2-naphthol  hydrochloride,  i.e,, 

98^  of  the  original  substance. 

Found  N  7-26;  CioHioONCl.  Computed  N  7.I6. 

•  To  prevent  this  it  is  sometimes  advisable  to  apply  a  slight  vacuunK 
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2 a  Behavior  of  l-amino-2-naphthol  with  an  aqueous  solution  of  sulfuric  acid . 
a)  1.00  g  of  freshly  crystallized  1  “anilno-2-naphthol  ^s  dissolved  at  20^  in  50 
ml  of  a  1^  solution  of  sulfuric  acid  containing  0.1^  sulfurous  acid.  The  result¬ 
ing  solution  was  allowed  to  stand  in  a  closed  flask  for  4  hours  at  20*.  Then  a 
solution  of  k  of  sodium,  acetate  trihydrate,  saturated  in  the  cold,  was  added 
to  it.  l-Amino-2-naphthol  was  tlirown  down  at  once  as  a  white  precipitate,  its 
weight  being  determined  by  the  method  described  above.  This  yielded  O.98  g  of 

1- amino-2-naphtho.l  hydrochloride,  or  98^  of  the  initial  substance. 

Found  ioi  N  7o19o  CioHioONCl.  Computed  N 

b)  A  similar  test  was  run  with  a  5^  solution  of  sulfuric  acid,  the  only 
change  being  that  18.9  g  of  sodium  acetate  was  used  to  precipitate  the  1-amino- 

2- na,phthol  base.  This  yielded  O.98  g  of  l-amino-2-naphthol  hydrochloride,  or 
98^  of  the  initial  quantity.  In  both  instances,  therefore,  the  l-amino-2-naph- 
thol  hydrochloride  was  recovered  in  a  quantitative  yield,  whence  it  follows  that 
it  cannot  be  sulfonated  to  1 -amino-2-naphthol-4-sulfonlc  acid  under  these  con¬ 
ditions. 

•  .Pohavlor  of  l-amlno-2-naphthol  with  an  aqueous  solution  of  sulfurous 

acid  in  the  presence  of  atmospheric  oxygen.  A  solution  of  1.00  g  of  freshly  re- 
crystallized  l-amino-2-naphthol  hydrochloride  in  50  nil  of  5*3^  sulfurous  acid 
was  placed  in  a  flask  fitted  with  a  reflux  condenser  and  connected  to  a  gaso¬ 
meter.  0.69  g  of  sodium  acetate  trlhydrate  was  added  to  the  resulting  yellowish 
solution  to  neutralize  the  hydrogen  chloride  contained  in  the  l-amino-2-naphthol 
hydroch-lorlde.  Then  a  current  of  air  was  passed  through  the  reaction  solution 
for  4  hours  at  20°  at  a  rate  of  about  2  liters  per  hour.*  Then  an  aqueous  solu¬ 
tion  of  sodium  acetate  saturated  in  the  cold  was  added.  The  white  precipitate 
of  the  l-amino-2-naphthol  base  was  converted  into  the  hydrochloride  as  described 
in  Experiment  1.  This  yielded  0,97  g  of  l-amino-2-naphthol  hydrochloride,  or 
97i>  of  the  initial  quantity. 

Inasmuch  as  the  initial  1 -amino-2 -naphthol  hydrochloride  was  recovered  in 
a  practically  quantitative  yield  in  this  experiment,  it  is  evident  that  it  can¬ 
not  be  sulfonated  to  l-amino-2-naphthol-4-sulfonlc  acid  under  these  conditions. 


SUMMARY 

The  status  of  the  problem  of  the  structure  of  the  bisulfite  derivatives  of 
various  types  of  aromatic  compounds  has  been  examined  critically,  namely: 
naphthol sulfo  acids,  naphthol-  and  aminoazo  dyes,  nitroso-  and  aminonaphthols, 
resorcinol,  and  benzeneazobenzenehydrazonaphthalenes. 
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SULPONATION  AND  SDLPO  ACIDS  OP  ACIDQPHOBIC  COMPOUNDS 


XVI.  THE  SULPONATION  OP  SOME  DERIVATIVES  OP  INDOLE 
A.  P.  Terentyev  and  L.  A.  Yanovskaya 


Continuing  our  research  on  the  sulfonation  of  pyridine  sulfotrioxides  of 
the  indoles  [i],  we  have  sulfonated  some  derivatives  of  indole,  namely;  2-phenyl- 
indole,  5-indolylacetic  acid,  3-acetylindole,  and  1-acetylindole.  2-Phenyl- 
indole  was  sulfonated  with  pyridine  sulfotrioxide  at  120-130“,  producing  a 
beautiful  yield  (95^1^)  of  2-phenylindolesulfonic  acid,  which  we  Isolated  as  the 
barium  salt,  which  is  rather  sparingly  soluble  in  water j  the  salt  crystallizes 
as  leaflets.  Bromine  water  is  decolorized  by  a  salt  solution  in  the  cold,  though 
the  sulfo  group  is  not  split  off,  as  it  is  in  indolesulfonlc-2  and  3-niethylin- 
dolesulfonic-2  acids.  Hydrolysis  with  15^  hydrochloric  acid  takes  6-8  hours, 
the  sulfo  group  being  split  (^ff  as  sulfurous  acid.  .  ,,  .. 

Hence,  its  chemical  properties _  indicate  that  this  acid  must 
contain  the  sulfo  group  at  the  3-position  in  the  heterocyclic  portion  of  the 
indole  molecule,  i.e.,  its  structure  is  that  of  2-phenyli!idolesulfonic-3  acid. 
This  structure  was  confirmed  by  oxidation  with  an  alkaline  permanganate  solu¬ 
tion,  yielding  benzoylanthranilic  acid.  3-Indolylacetic  acid  is  readily  sulfon¬ 
ated  by  pyridine  sulfotrioxide  at  100-110°,  producing  a  98^  yield  of  2-sulfo- 
3-indolylacetic  acid,  isolated  as  its  barium  salt,  which  is  freely  soluble  in 
water.  A  solution  of  the  salt  decolorizes  bromine  water,  the  sulfo  group  being 
split  off  as  barium  sulfate.  A  15^  solution  of  hydrochloric  acid  hydrolyzes  it 
rapidly,  within  5-10  minutes,  -  sulfur  dioxide  being  evolved.  3-Acetylindole  is 
sulfonated  at  l40“ .  The  reaction  is  Incomplete,  the  yield  of  3-acetylindole- 
sulfonic  acid,  as  its  barium  salt,  not  exceeding  551^>-  A  solution  of  the  salt 
decolorizes  bromine  water  in  the  cold,  yielding  barium  sulfate.  1 -Acetyl indole 
is  sulfonated  with  difficulty,  only  at  130-l40°,  1-acetyllndolesulfonic  acid 
being  produced  with  a  yield  of  some  50^.  The  structure  of  the  acid  is  borne 
out  by  the  fact  that  solutions  of  its  barium  salt  decolorize  bromine  water  in 
the  cold,  the  sulfo  group  being  split  off  as  barium  sulfate.  We  also  tested 
the  action  of  pyridine  sulfotrioxide  on  3-dlmethylaminomethylindole  and  3-di- 
ethylamlnomethylindole  at  100° .  The  sulfo  mass  darkened  considerably  in  both 
cases?  we  recovered  small  quantities  of  the  barium  salts  of  the  sulfo  acids,  but 
were  unable  to  secure  these  salts  in  an  analytically  pure  state. 

EXPERIMENTAL 

Sulfonation  of  2-phenylindole.  The  2 -phenyl indole  was  prepared  by  the  E. 
Fischer  method  [2].  M.p.  of  the  preparation  185°.  lo93  g  of  2-phenylindole  was 
sulfonated  in  a  sealed  ampoule  for  8  hours  with  4.77  g  of  pyridine  sulfotrioxide 
dissolved  in  5  nil  of  dlchloroethane, '  at  120-130*.  The  resultant  light-brown 
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sulfo  mass  was  washed  with  a  small  quantity  of  ether  to  remove  the  unreacted 
indole  and  then  boiled  with  an  aqueous  suspension  of  barium  carbonate  until 
all  the  pyridine  had  been  eliminated.  The  residue  was  extracted  with  boiling 
water  several  times  and  then  filtered  out  and  evaporated  until  crystallization 
set  in.  This  yielded  3-25  g  of  the  barium  salt,  representing  a  951^  yield, 
based  on  the  monosulfo  acid. 

4.769  mg  substance:  I.627  mg  BaS04.  4.671  mg  substance:  I.588  mg  BaS04. 

Found  Ba  20.08,  20.01;  (Ci4Hio03NS)2Ba.  Computed  Ba  20. I5. 

The  sodium  salt  was  secured  from  the  barium  salt  by  adding  sodium  sulfate. 
It  is  freely  soluble  in  water. 

Oxidation  of  the  sodium  salt  with  permanganate.  I.5  g  of  the  sodium  salt 
was  oxidized  in  the  cold  with  an  excess  of  a  2^  solution  of  potassium  permangan¬ 
ate.  The  mixture  was  allowed  to  stand  overnight.  The  excess  permanganate  was 
eliminated  with  a  few  drops  of  alcohol.  After  the  manganese  dioxide  had  been 
filtered  out,  the  sulfate  ion  was  detected  in  the  filtrate,  i.e.,  the  sulfo 
group  had  been  split  off  during  oxidation.  When  the  filtrate  was  carefully 
acidulated,  a  crystalline  precipitate  (l  g)  was  thrown  down.  It  had  a  m.p.  of 
179-180°  after  refining  by  reprecit)itation  from  a  dilute  alkali,  which  is  close 
to  the  figure  given  in  the  literature  for  benzoylanthranilic  acid  (m.p.  l8l°) 
[3]. 

Sulfonation  of  3-indolylacetic  acid.  The  preparation  at  our  disposal  had 
a  m.p.  of  164  ,  which  conforms  to  the  figure  given  in  the  literature  [4].  1 
g  of  3-iiidolylacetic  acid  was  sulfonated  for  10  hours  at  100-110“  with  2.8  g  of 
pyridine  sulfotrioxlde  dissolved  in  dlchloroethane.  The  barium  salt  of  2-sulfo- 
5-indolylacetic  acid  was  recovered  after  suitable  processing  with  an  aqueous 
suspension  of  barium  carbonate.  Involving  boiling,  extraction,  evaporation,  and 
precipitation  with  methanol.  This  yielded  2.2  g  of  the  salt  (98^  yield). 

4.891  mg  substance;  2.909  mg  BaSO^.  4.221  mglsubstance:  2.535 ung  BaS04. 

Found  Ba  35 *00^  35 *5©:  CioHyOsNSBai'  Computed  Ba  35^12. 

Sulfonation  of  3-acetyllndole.  The '3-ac.etylindole  was  prepared  by  the 
Zatti  and  Ferratlnl.  method  [5] .  '  M.p! ‘'df  the 'preparation  190“  (from  benzene), 
which  agrees  with  the  figure  given  in  the,“literature.  “  1.59  g'of  3-acetylihdole 
was  sulfonated  for  12  hours  at  l40“'‘with^4.77^g  pjnridine  sulfotrioxlde  dis¬ 
solved  in  dlchloroethane.  The  usual  processing  yielded  1.68  g  of  the  barium 
salt  of  3 -acetylindole sulfonic -2  acid  (55^  yield),  which  was  freely  soluble  in 
water. 

8.401  mg  substance.  5 >212  mg  BaS04.c  8.049  mg  substance:  3*083  mg  BaS04. 

Found  Ba  22.50,  22.54.  (CioH804NS)2Ba.  Computed  Ba  22.46. 

Sulfonation  of  1-acetylindole.  The  1 -acetyl indole  was  prepared  from  in- 
dolemagnesium  bromide  and  ethyl  acetate  by  our  own  process.  The  boiling  point 
of  the  preparation  was  148-150“  (at  10  mm);  nt®  I.61OO;  df®  I.587;  MRp  59*50; 
computed  59*43*  Literature  data:  b.p.  152-155°  (at  l4  mm)  [5]. 

1*59  g  of  1-acetyllndole  was  sulfonated  at  130-l40“  with  4.77  g  of  pyridine 
sulfotrioxlde  dissolved  in  dlchloroethane.  The  usual  treatment  yielded  I.65  g 
of  the  barium  salt  of  the  monosulfo  acid  (50^  yield). 

9*111  mg  substance:  3*501  mg  BaS04;  6.908  mg  substance;  2.665  mg  BaS04. 

Found  Ba  22.61,  22.70.  (CioH804NS)2Ba.  Computed  Ba  22.46, 

SUMMARY 

1.  Pyridine  sulfotrioxlde  is  a  suitable  sulfonating  agent  for  indole  deriv¬ 
atives. 
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2.  The  2-phenylindolesulfonic-3>  2-sulfo-3-indolylacetic,  3-acetyllndole- 
sulfonic-2,  and  l-acetylindolesulfonic-2  acids  have  been  synthesized  for  the 
first  time  and  isolated  as  their  barium  salts. 
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THE  NITRATION  OP  DIPHENYLUREA  (CARBANILIDE) 


I.  M  Kogan  and  D. P. Kutepov 


Losanitch  [i]  was  the  first  to  make  a  more  or  less  authentic  report  on  the 
nitration  of  carhanilide.  Reacting  carhanilide  with  cold  concentrated  nitric 
acid,  he  invariably  produced  tetranitrodiphenylureaj  he  found  its  melting  point 
to  lie  above  200*’..  At  nearly  the  same  time  Fleischer  [2]  reacted  concentrated 
nitric  acid  with  carhanilide  and  secured  a  yellow  product  that  was  insoluble  in 
alcohol.  Reducing  the  latter,  he  obtained  diamlnocarbanilide  as  the  reduction 
product.  This  indicated  that  the  nitration  product  was  a  dlnitro  product,  though 
the  structure  of  this  dinitro  product  was  not  established.  Reudler,  who  made  a 
rather  thorough  study  of  the  nitration  of  carhanilide,  believed  [3]  that  Fleis¬ 
cher's  analytical  results  were  undependable  and  that  the  reduction  product  he 
said  he  had  secured  was  unlikely,  since  the  reduction  should  have  yielded  a 
tetramlno  derivative  of  carhanilide.  Perkin  [4]  treated  Losanitch' s  tetranitro- 
carbanilide  with  equal  parts  of  nitric  and  sulfuric  acids  and  secured  a  new  sub¬ 
stance  with  a  m.p.  of  203°,  which  yielded  1,4,6-trinitroaniline  when  heated  with 
ammonia)  hence,  the  nitration  product  was  considered  to  be  2,4,6,2',4',6'-hexa- 
nitrocarbanillde  (l).  This  last  bit  of  evidence  likewise  makes  it  appear  that 
the  product  synthesized  by  Losanich  ,  was  2,4,2' ,4' -tetranitrocarbanlllde  (l!0. 

Curtius  [5]  arrived  at  quite  different  and  unexpected  results.  Reacting 
nitric  acid  with  carhanilide  without  the  use  of  any  heat,  he  secured  a  yellow 
precipitate  that  yielded  m-nitroanillne  when  hydrolyzed.  This  led  Curtius  to 
conclude  that  the  nitration  product  was  3^5' -dlnltrocarbanilide  (ill).  Reudler 
[3]  nitrated  carhanilide  repeatedly  under  the  conditions  used  by  Curtius  and 
then  varipd.the  conditions,  but  was  never  able  to  secure  3,5' -dinltrocarbanil- 
ide,  the  nitration  product  invariably  being  2,4,2' ,4' -tetranitrocarbanilide. 
Lastly,  Tingle  and  Blanck  [o]  were  of  the  opinion  that  during  nitration  the  sul¬ 
furic  acid  might  form  an  unstable  compound  that  prevented  substitution  at  the 
ortho  and  para  positions  and  oriented  the  nitro  group  to  the  meta' position. 

This  was  not  confirmed,  however)  moreover,  we  cannot  fall  to  note  that  Curtius' 
nitration  took  place  without  any  sulfuric  acid  present. 


.  O^N- 


JJ02  NO2 

r/"  >“NHC0NH-\  -NO2 


NO2  (I)  NO2 


(III) 
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The  foregoing  appears  to  show  that;  l)  there  is  no  agreement  regarding  the 
position  of  the  nitro  groups  entering  carhanilide  or  their  number)  2)  no  one  has 
ever  described  the  direct  synthesis  of  4,4' -dinitrocarbanilide,  a  compound  that 
is  of  interest  in  many  respects,  via  the  nitration  of  carhanilide.  Moreover, 
whenever  it  has  been  necessary  to  have  4,4' -dinitrqcarbanilide  (IV),  it  has  been 
prepared  by  treating  p-nitroaniline  with  phosgene  [v]; 
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“NH2  +  COCI2 


02N- 


NHCOmK  >“N02. 
(IV) 


The  orienting  group  during  nitration  of  carhanilide  is  the  carbamide  group 
-NH'C0‘R“,  as  in  numerous  other  instances  of  the  nitration  of  acylated  deriva¬ 
tives  of  aniline.  And  as  the  nitro  group  enters  chiefly  at  the  para  position  to 
the  acylated  amino  group,  and  only  occasionally  in  the  ortho  position,  in  all 
these  numerous  instances  of  nitration  (of  formanilide,  acetanilide,  oxanilide, 
etc.),  we  thought  we  would  also  secure  mainly  the  4,4* -dinitrocarbanilide  by 
nitrating  carhanilide.  Only  when  more  severe  nitration  conditions  were  used 
(high  concentration  of  nitric  acid,  high  temperature,  and  the  like)  could  we  ex¬ 
pect  to  get  more  highly  nitrated  products.  We  were  therefore  interested  in 
studying  the  nitration  of  carhanilide  and  in  finding  the  conditions  under  which 
the  principal  product  would  be  a  4,4»-dinitro  substitution  derivate. 

For  nitration  purposes  the  carhanilide  was  dissolved  in  sulfuric  monohydrate, 
and  68^  nitric  acid  was  added  to  the  solution  at  0-1*,  the  nitration  product 
settling  out  as  a  yellow  ]^recipitate,  and  the  reaction  mass  being  poured  over 
ice.  After  the  precipitate  had  been  dried,  it  had  a  m.p.  of  296-299“ ^  melting 
at  after  recrystallization  from  pyridine,  this  latter  being  the  m.p.  of 

p,p' -dinitrocarbanilide.  This  structure  is  also  borne  out  by  the  ultimate 
analysis  of  the  product.  For  further  proof  of  the  structure  of  the  p,p' -dinitro- 
anilide,  it  was  hydrolyzed  with  sulfuric  acid,  yielding  p-nitroaniline  with  a 
m.p.  of  l47° .  Under  these  conditions  no  traces  of  tetranitrocarbanilide  could 
be  found,  since  the  solution  was  not  colored  red  by  the  addition  of  a  concen¬ 
trated  solution  of  sodium  hydroxide.  ^  ' 

i 

Raising  the  nitration  temperature  from  0“  to  ^0°  raised  the  yield  of  the 
crude  dinitro  product  of  the  nitration  of  carhanilide  in  the  monohydrate  solu¬ 
tion  only  up  to  a  certain  limit,  15“ ^  above  which  the  yield  of  p,p' -dinitrocarb¬ 
anilide  begins  to  drop  off.  The  melting  point  of  the  crude  p,p' -dinitrocarb¬ 
anilide  rose  almost  parallel  with  the  increase  in  yield.  In  addition  to  the 
temperature,  another  factor  affecting  the  yield  of  the  p,p' -dinitrocarbanilide 
is  the  concentration  of  the  nitric  acid  added  to  the  monohydrate  solution  of  the 
carhanilide,  the  yield  of  the  crude  p,p' -dinitrocarbanilide  rising  only  up  to 
a  certain  nitric  acid  concentration  (48-67^),  after  which  it  drops  off.  As 
before,  the  melting  point  of  the  crude  product  rises  more  or  less  parallel  with 
the  increased  yield  of  the  p,p'  dinitrocarbanilide.  Our  experiments  have  shown 
that  nitration  in  sulfuric  monohydrate  solution  does  not  afford  a  high  yield  of 
4,4' -dinitrocarbanilide)  nitration  comes  to  a  stop  very  quickly  when  the  nitric 
acid  concentration  is  too  low  or  the  temperature  is  not  high  enough,  while 
raising  the  nitric  acid  concentration  or  the  temperature  diminishes  the  yield, 
'apparently  as  the  result  of  the  disintegration  of  the  carhanilide  or  of  its  nitro 
substitution  derivate,  and  as  the  result  of  the  formation  of  tetranitrocarbanil¬ 
ide,  the  latter  being  readily  detected  by  the  formation  of  a  red  solution  when 
a  strong  base  is  added. 


The  nitration  method  in  which  the  carhanilide  was  not  dissolved,  but  was 
in  suspension,  proved  to  be  highly  effective.  This  nitration  method  is  employed, 
for  example,  in  the  synthesis  of  p-nitro-o-anisidine,  the  nitration  being  effected 
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^  AS  PEQ, 


at  80-85°  with  10^  nitric  acid  [a].  Nitrating  carbanllide  in  aqueous  suspension 
at  80°  with  20^  nitric  acid  increased  the  yield | immediately:  5  g  of  the  carban- 
ilide  yielded  5 *81  g  of  the  dinltrocarbanllide^  ’which  had  a  m.p.  of  310°  after 
being  recrystallizedo  The  yield  was  based  on  the  nitrite.  The  best  nitrat. 
ing  temperature  was  found  to  be  90°  (Fig.  l). 


Fig.  1,  Effect  of  temperature  on  the  ni¬ 
tration  of  carbanllide  in  aqueous  suspen¬ 
sions  by  nitric  acid. 

I  -  Nitration  with  307o  nitric  acid;  II  -  nitraticai 
with  2(%  nitric  acid. 


acid  concentration  upon  the  ni¬ 
tration  of  carbanllide  in  aque¬ 
ous  suspension. 


In  none  of  our  experiments  were  we  able  to  detect  the  formation  of  m,m'- 
dinltrocarbanilide.  This  is  in  complete  harmony  with  the  well-known  fact  that 
all  the  derivatives  of  aniline  that  are  acylated  by  carboxylic  acids  and  hence 
contain  the  -NH‘‘C0‘-R-  group  are  nitrated  mainly  at  the  para  position,  only  oc¬ 
casionally  being  nitrated  at  the  ortho  position.  We  thought  it  would  be  of  in¬ 
terest  to  determine  the  effect  of  the  concentration  of  nitric  acid  upon  nitra¬ 
tion  in  aqueous  suspension.  To  do  this  we  effected  nitration  at  the  same  tem¬ 
perature  of  90°  with  nitric  acid  whose  concentration  ranged  from  7*1  to  40.1^. 
The  results  of  these  tests  are  shown  in  Fig.  2. 

As  we  see,  the  30^  nitric  acid  is  the  most  effective;  any  lower  concentra¬ 
tion  greatly  diminishes  the  yield  of  the  nitro  product,  while  raising  the  con¬ 
centration  above.  3^  does  not  increase ,the  yield  perceptibly. 

In  distilling  the  hydrolysis  products  with  steam  we  observed  the  deposition 
of  a  yellow  product  upon  the  condenser  tube,  the  m.p.  of  this  product  being 
close  to  that  of  o-nltroaniline.  This  negligible  formation  of  the  ortho  isomer 
during  nitration  might  be  due  to  the  formation  of  an  internal  hydrogen  bond  be¬ 
tween  the  oxygen  Qf  the  carbonyl  group  and  the  ' 

hydrogen  atom  in  the  ortho  position 
gen. 

EXPERIMENTAL 

1.  Nitration  of  carbanllide  in  a  sulfuric 
acid  solution.  5  g  (0.024  mole)  of  carbanllide,  with  a  m.p.  of  239° ^  was  dis¬ 
solved  in  15  g  of  sulfuric  monohydrate,  the  solution  being  chilled  externally  by 
ice.  The  ^solution  was  continuously  stirred  as  5  g  (0.05^  mole)  of  68.28^  nitric 
acid  was  added  a  drop  at  a  time,  the  temperature  being  maintained  at  0°.  After 
all  the  acid  had  been  added,  stirring  was  continued  for  another  2  hours  at  0°, 


to  the  nltro- 
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and  then  the  mass  was  poured  out  into  a  mixture  of  ice  and  water.  The  finely 
crystalline,  bright-yellow  precipitate  was  filtered  out,  washed  with  water,  and 
dried  at  70-90°,  yielding  2.4  g  of  the  dry  product,  with  a  m.p.  of  296-299**  • 

The  solution  was  not  turned  red  when  sodium  hydroxide  solution  was  added  (no 
tetranitrocarbanilide  present).  M.p.  310*5*’  after  recrystallization  from  pyri¬ 
dine  . 

3<'4962  mg  substance:  6,542  mg  CO25  1,130  mg  H2O.  4.0178  mg  substance: 

7,552  mg  CO2I  1,330  mg  H2Q.  3*080  mg  substance:  0.498  ml  N2  (21°,  744 

mm).  Found  C  51-02,  51.26;  H  3-62,  3.70;  N  l8.22,  Ci3Hio05N4. 

Computed  C  51,65;  H  3015  N  I8.54, 

Part  of  the  synthesized  4,4* -dinitrocarbanilide  was  hydrolyzed  by  heating 
it  for  1  hour  to  150°  with  74.8^  sulfuric  acid.  Diluting  the  mass  with  water 
yielded  a  dark-brown  precipitate,  which  had  a  m.p.  of  127-128°  after  having 
been  washed  and  dried.  The  m.p.  was  147®  after  recrystallization  from  dilute 
hydrochloric  acid  and  purification  with  activated  charcoal, 

*  ■*  i  Ji*  I,  .  _  _  _ _ _  . 

The  presence  of  an  amino  group  was  established  by  diazotization  and 
coupling  with  3-naphthol  (formation  of  an  orange-red  dye).  A  mixture  of  this 
— product  with  chemically  pure  p-nitroanillne  fused  at  147° . 

2.380  mg  substance:  0,422  ml  N2  (l8°,  747  mm).  2.494  mg  substance: 

6.440  ml  N2  (21°,  762  mm).  Found  N  20.12,  20. l4.  C6H6O2N2. 

Computed  N  20.29, 

2.  Effect  of  the  concentration  of  nitric  acid  upon  the  nitration  of  carb- 
anilide  in  sulfuric  acid.  In  the'ensuing  experiments,  5  S  of  carbanilide  was 
dissolved  in  20  g  of  sulfuric  monohydrate;  nitration  was  effected  by  nitric  acid 
of  various  concentrations,  the  total  amount  of  100^  HNO3  in  each  test  being  2.9 
g.  The  nitration  temperature  was  15°,  and  it  lasted  1  hour  30  minutes.  Re¬ 
covery  of  the  product  was  the  same  as  indicated  above.  The  results  are  shown 
in  Table  1. 


TABLE  1  r  .  TABLE  2 


Test 

No. 

Concentra¬ 
tion  of 
nitric 
acid,  $ 

Yield  of 
pure  di¬ 
nitrocarb¬ 
anilide  ,  g 

M.p.  of 
crude  di¬ 
nitrocarb¬ 
anilide 

Test. 

No. 

Nitration 

tempera¬ 

ture 

Grams  of 
crude  nl- 
tro  pro¬ 
duct 

M.p,  of 
crude 
nitro  , , 
product 

1 

8.40 

4,30 

245 

1 

0° 

5.02 

275-276° 

2 

18. 40 

4.62 

280 

2 

10 

5.04 

288-295 

5 

24.79 

4,95 

275" 

3 

15 

5.40 

300-301 

4 

30.00 

5.05 

304 

4 

20 

5.32 

295-298 

5 

37.70 

5.20 

295 

5 

30 

5.25 

276-280 

6 

48.59 

5.10 

290 

6 

40 

5.05 

270-275 

7 

57.23 

5,10 

2.78 

7 

40 

5,0 

260-265 

8 

67.46 

5,0 

270 

9 

73.30 

4.52 

255 

10 

84.60 

4.1 

246 

2 t . Effect  of  temperature  on  the  nitration  of  carbanilide  in  sulfuric  acid. 
In  the  following  experiments  5  g  of  carbanilide  was  dissolved  in  20  g  of  sulf¬ 
uric  monohydrate;  nitration  was  effected  with  9.7  g  of  30^  nitric  acid  at  various 
temperatures,  ranging  from  0  to  50°.  Nitration  lasted  I.5  hours.  The  recovery 
and  refining  of  the  product  were  the  same  as  in  the  preceding  tests.  The  results 
are  given  in  Table  2. 
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4.  Nitration  of  carbajillide  In  an  aqueous  suspension  by  dilute  nitric  acid . 
40  g  of  20^  nitric  ^Td  was  placed  in  a  round-bottomed  flask  fitted  with  a  stirrer 
and  a  reflux  condenser,  and  then  5  g  of  pure  carbanilide,  with  a  m.p,  of  259* ^ 
was  added  at  room  temperature,  with  constant  stirring.  The  mass  was  then  heated 
to  80°  for  3  hours  and  kept  at  that  temperature  for  another  5  hours.  The  white 
crystals  of  carbanilide  turned  yellow  rather  quickly.  The  reaction  mass  was 
chilled,  and  the  yellow  precipitate  was  filtered  out,  washed  with  cold  water, 
and  dried.  This  yielded  5»^1  g  of  the  dry  product,  with  a  m.p,  of  254®.  The 
resultant  nitro  product  was  hydrolyzed  by  lieating  it  in  an  autoclave  with  I50  ml 
of  a  4.5^  solution  of  ammonia  for  5  hours  to  150*?  yielding  3»4  g  of  a  dark- 
green  dry  product  with  a  m.p.  of  I28-I3O® .  The  latter  was  distilled  with  steam 
to  eliminate  the  aniline  and  any  possible  Isomers  of  p-nitroaniline.  When  the 
distillate  was  alkalinlzed,  a  yellow-orange  crystalline  precipitate  was  thrown 
down,  weighing  0.2  g  after  drying,  with  a  m.p.  of  62® j  recrystallization  from 
water  yielded  a  bright-yellow  product  with  a  m.p,  of  69-76°  (the  melting  point 
of  ’chemically  pure 
orthonitroaniline  is 
72® ) ,  The  residue 
left  in  the  flask  af¬ 
ter  the  steam  distil¬ 
lation  yielded  1.8  g 
of  dry  paranltroanll- 
Ine,  with  a  m.p.  of 
147°^  after  drying. 

5.  Effect  of 
temperature  upon  the 
nitration  of  carbanil¬ 
ide  in  aqueous  suspen¬ 
sion  with  20%  nitric 

acid.  Nitration  lasted  7  hours.  The  nitration  temperature  varied  from  60  to 
100°,  5  g  of  carbanilide  being  nitrated  in  each  run.  The  results  are  listed  in 
Table  3« 


TABLE  5 


Test 

No. 

Nitration j Grams  of 
tempera-  1  nitro 
ture  1  product 

M.p,  of 
the  nitro 
product 

jNitro  product  as  per 
icent  of  carbanilide 
'(determined  against 
nitrite) 

1 

60° 

252° 

:  24.5 

2 

70 

i'  5.35 

259 

59.5 

3 

80 

f  5.8 

278 

82.5 

4 

90 

I  6.49 

300 

i  93.4 

5 

100 

i  5.89 

281 

1  86.9 

6.  Effect  of  temperature  upon  the  nitration  of  carbanilide  in  aqueous  sus¬ 
pension^  with  30^  ^^i'^ric  a-cld.  Nitration  lasted  7  hours,  5  g  of  carbanilide 

being  nitrated  in  each  run. 

The  results  are  listed  in  TabLe 
TABIE  4  4. 


Test ' 
No, 

Nitra-  1 
tion  1 

temper- 1 
ature  ' 

Grams 

of 

nitro 

product 

M.p.  of 
the  j 

nitro 
product 

Nitro  product  as 
of  carbanilide 
(determined 
against  nitrite) 

7.  Effect  of  nitric  acid 
concentration  upon  the  nitra- 
tion  of  carbanilide  in  aqueous 
suspension.  5  g  of  carbanil- 

idc  was  mixed  with  40  g  of 

1 

60® 

5.04 

242° 

20.5 

nitric  acid,  the  concentralion 

2 

70 

.5ol2 

253 

40.6  . 

of  which  was  varied  from^  7  t,o  40^ 

3 

80 

5.34 

269 

70.6 

The  mixture  was  gradually  heated 

4 

90 

5,6 

276 

77.6 

to  96*  and  then  stirred  for  5 

5 

100 

5.5 

274 

76.1 

hours  at  that  temperature.  Af¬ 
ter  the  mixture  had  cooled,  the 

nitro  product  was  filtered  out, 
the  percentage  of  the  latter 

being  determined  by  reduction  and  titration  with  a  nitrite  solution.  The  results 
are  given  in  Table  5« 


8.  Combined  effect  of  temperature  and  length  of  reaction  upon  the  nitra¬ 
tion  of  carbanilide  in  aqueouti  suspension  with  3^  nitric  acid.  200  g  of  30^ 
nitric  acid  and  20  g  of  finely  powdered  carbanilide  were  placed.  In  a  506->iil  flask 
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and  the  mixture  hea'ted 
to  60*  and  kept  at  that 
temp'eratiire  for  one  houro 
Then  its  temperature  was 
raised -to  70“ ;  and  kept 
there  for  another  hour,  the 

temperature  of  the  mass 
being  raised  step-by-step 
to  100°  in  this  manner. 

A  sample  was  taken  for 
analysis  at  the  end  of 
each  constant -temperature 
period,  the  precipitate 
being  filtered  out  of 
each  sample,  washed,  and 
dried.  After  reduction, 
the  quantity  of  nitro 
product  synthesized  was 
determined  by  nitration 
against  a  sodium  nitrite 
solution  (determination 
against  nitrite).  The  re¬ 
sults  are  listed  in  Table 
6. 


TABLE  5 


Test 

No. 

Concen¬ 
tration 
nitric 
acid,  ^ 

Grams 

of 

nitro 

product 

M.p.  of 
the 
nitro 
product 

Nitro  product  as 
io  of  carbanilide 
(determined  against 
nitrite) 

1 

7.1 

5.07 

245“ 

30.2 

2 

i4.5 

5.52 

252 

58.5 

5 

20.3 

5.95 

274 

76.1 

4 

30.7 

6.51 

299 

93.8 

5 

40,l 

6.56 

296. 

92.0 

TABLE  6 


Test 

No. 

Reaction  tem¬ 
perature  ,  ( “ ) 

%  of  nitro  com¬ 
pound  in  sample 

M.p.  of  the 
nitro  product 

1. 

60° 

19.5 

241“ 

2 

70 

48.6 

247 

3 

80 

80.77 

278 

4  1 

85 

87.96 

282 

5 

90 

92.37 

294.5 

6 

95 

91.24 

294 

7 

100 

90.07 

■ 

SUMMARY 


1,  Orientation  in  the  nitration  of  carbanilide  is  no  different  from  the 
orientation  in  the  nitration  of  other  acylated  derivatives  of  aniline. 


2.  Nitration  of  carbanilide  in  sulfuric  monohydrate  or  in  aqueous  sus¬ 
pension  yields  different  quantities  of  4,4* -dinitrocarbanilide. 

5.  There  are  practical  advantages  in  securing  4,4* -dinitrocarbanilide 
by  nitrating  carbanilide  in  aqueous  suspension  at  90“  with  30^  nitric  acid. 

*  4.  Curtius*  idea  that  m,m* -dinitrocarbanilide  is  formed  when  carbanil¬ 

ide  is  nitrated  is  wrong. 
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RESEARCHES  ON  ORGANIC  POLYSULPIDES.  III.; 

S. So  Livshits  and  N. A. Preobrazhensky 


Pursuing  our  synthesis  researches  on  thiuram  polysulfides,  we  were  inter¬ 
ested  in  using  Y -ethyl-  and  y-isopropylpiperldines  as  the  initial  bases,  since 
they  contained  different  substituents  at  the  same  position  in  the  ring.  Our  pre¬ 
vious  research  had  shown  [i]  that  y -methylpiperidine  yields  a  stable  thiuram 
tetrasulf ide. 

We  also  assumed  that  stereoisomerism  would  have  to  be  manifested  somehow 
in  the  properties  of  polysulfide  accelerators.  We  used  trans-  and  cis-decahydro- 
quinolines  in  our  syntheses  of  thiuram  polysulfides  in  order  to  determine  the 
effect  of  isomerism. 

y-Ethylpiperidine  [2]  condenses  vigorously  with  carbon  disulfide.  When 
sodium  hydroxide  is  present,  it  condenses  to  yield  the  sodium  salt  of  Y-ethyl 
piperidyldithiocarbamic  acid  (l).  If  an  excess  of  the  original  base  is  used  in 
the  reaction  instead  of  the  sodium  hydroxide,  we  get  the  y -ethylpiperidyldlthio- 
carbamate  of  y-ethylpiperldlne .  We  have  also  synthesized  the  zinc  salt  of  Y -ethyl- 
piperidyldithiocarbamic  acid.  Reacting  y-ethylpiperldyldithiocarbamates  with 
sulfur  monochloride  yields  a  tacky,  resinous  compound  that  cannot  be  refined. 

We  tried  to  react  the  Y-ethylpiperldyldithlocarbamates  with  sulfur  mono¬ 
chloride  under  variousconditions  changing  the  reaction  temperature,  using  differ¬ 
ent  dithiocarbamates,  but  the  reaction  always  yielded  a  resinous  substance. 

Oxidizing  the  sodium  salt  of  y-ethylpiperidyldithiocarbamic  acid  with 
iodine  in  absolute  alcohol  yielded  Y-ethylpiperldylthiuram  disulfide  (ll). 


C2H5 


1 


S 


- C-SNa 

(I) 


HsC2 


s 

I  " 

•c-s-s-c- 


~N 


(ii; 


Like  ethylpiperidine,  y-isopropylpiperidine  [3]  condenses  readily  with 
carbon' disulfide,  yielding  the  Y-isopropylpiperldine  salt  of  Y-lsopropylpiperid- 
ylcarbamic  acid  (ill).  Condensation  with  carbon  disulfide  and  sodium  hydroxide 
yields  the  sodium  salt  of  Y-lsopropylplperidyldithiocarbamic  acid  (IV). 


CH(CH3)2 

- 


CH(CH3) 


2 


IF—  C-3Na 
(IV) 


II 

C-SH^CsHitN 

(III) 


We  also  prepared  the  zinc  and  nickel  salts.  The  thiuram  disulfide  (v) 
was  synthesized  by  oxidizing  the  sodium  ditjiiocarbamate  with  iodine  in  alcohol. 


r 


CH(CH3)2 


CH(CH3)2 

'"'1 


CH(CH3); 


S  S 

II  II 

■c-s-'Sh:- 


N 


(V) 


s 

■[!-(  8)4-0 
(VI) 


CH(CH3)2 


Reacting  sodium  Y-isopropylpiperidyldithiocarbamate  with  sulfur  monochloride 
yielded  the  thiuram  tetrasulfide  (Vl),  a  compound  that  is  stable  when  stored. 


The  trans-  and  cis-decahydroquinolines  [4]  condense  readily  with  carbon 
disulfide,  yielding  the  decahydroquinolyiditbiocarbamate  of  decahydroquinoline 
(VIl) .  With  sodium  hydroxide  we  secured  the  sodium  salts  of  the  trans-  and  cis- 
decahydroquinolyldithiocarbamic  acids  (VIIl) . 


(VII) 


(VIII) 


The  latter  were  converted  ’into  their  zinc  salts  by  reacting  them  with  zinc  acet¬ 
ate. 


Treating  the  zinc  dithiocarbamates  of  trans-  and  cis-decahydroquinoline 
with  sulfur  monochloride  yields  thiuram  hexasulfides  (IX),  which  are  stable 
under  storage. 


EXPERIMENTAL 


The  sodium  salt  of  Y-ethylpiperidyldlthiocarbamic  acid.  A  solution  of 
0.3  g  of  Y-ethylpiperldine  in  I5  ml  of  absolute  alcohol  was  mixed  with  a  solution 
of  0,11  g  of  sodium  hydroxide  in  O.25  ml  of  distilled  water.  Then  the  mixture 
was  chilled  with  a  snow- salt  mixture  and  stirred  while  a  solution  of  0.21  g  of 
carbon  disulfide  in  5  ml  of  absolute  alcohol  was  added  a  drop  at  a  time.  (Theor¬ 
etical  quantities  of  the  sodium  hydroxide  and  the  carbon  disulfide  were  used, ) 
After  the  carbon  disulfide  had  been  added,  stirring  was  continued,  without  chill¬ 
ing,  for  one  hour.  Most  of  the  alcohol  was  driven  out  of  the  resulting  alcoholic 
solution  of  the  sodium  salt  in  vacuum  (without  the  use  of  heat),  white  crystals 
with  a  m.p.  of  203°  settling  out  of  a  concentrated  ether  solution.  The  yield  was 
0*55  g  (almost  quantitative).  The  sodium  salt  is  soluble  in  methanol,  ethyl  al¬ 
cohol,  water,  and  acetone  at  room  temperature;  it  is  insoluble  in  benzene,  ether, 
etc.  The  m.p.  of  the  ether -precipitated  salt  was  205“  after  recrystallization 
from  an  alcoholic  solution. 


5o180  mg  substance;  O.306  ml  N2  (20*,  7^5  mm).  6.19O  mg  substance: 
0.551^  ml  N2  (20°,  7^5  mm).  Found  N  6.7^,  6.53.  C8Hi4NS2Na.  Com¬ 
puted  N  6.63. 


I  The  zinc  salt  of  y -ethylplperldyldlthlocarbamic  acid  is  sparingly  soluble 

I 
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in  hot  benzene  and  hot  chloroform^  but  is  Insoluble  in  the  other  customary  sol¬ 
vents.  It  crystallizes  from  benzene  as  minute  white  crystals  with  a  m.p.  of 

198-200° . 

2,650  mg  substance:  0,150  ml  N2  (20°,  7^1  mm).  Found  N  6.k3. 

Ci6H28N2S4Zn.  Computed  N  6.3^. 

Y -Ethylpiperldlne  salt  of y  -ethylpiperidyldithiocarbamic  acid,  A  chilled 
solution  of  0,15  g  of  carbon  disulfide  in  3  ml  of  absolute  ether  was  added  to 
an  ice-water-chilled  solution  of  O.5  g  of  y-ethylpiperidine  in  6  ml  of  absolute 
ether  (molar  proportions  of  the  reagents  2:l).  Shortly  thereafter  flocculent 
colorless  crystals,  with  a  m.p.  of  139-1^0° ^  settled  out  of  the  solution.  They 
were  freely  soluble  in  alcohol,  but  sparingly  so  in  ether,  ligroin,  or  water. 

The  substance's  m.p.  was  l4l, 5-1^2°  after  recrystallization  from  alcohol.  The 
yield  was  O.65  g  (97')('  of  the  theoretical). 

2.240  mg  substance;  O.I8O  ml  N2  (23°,  745  mm).  4.762  mg  substance: 

0.582  ml  N2  (21°,  745  mm).  Found  N  9-08,  9.13.  C15H30N2S2. 

Computed  N  9.26. 

Thluram  disulfide  of  y -ethylpiperldlne.  0.3  g  of  the  sodium  salt  of  y - 
ethylpiperidyldithiocarbamic  acid  was  dissolved  in  the  minimum  quantity  of  abs¬ 
olute  alcohol.  An  alcoholic  solution  of  iodine,  saturated  while  hot,  was 
added  to  the  solution  a  little  at  a  time  until  the  former  was  no  longer  decolor¬ 
ized.  As  the  iodine  solution  was  added,  the  yellow  precipitate  of  the  disulfide 
was  thrown  down.  The  latter  was  washed  with  water,  alcohol,  and  ether  and 
purified  by  recrystallization  from  alcohol.  M.p.  98-98.5°. 

3.190  mg  substance:  0.210  ml  N2  (19°^  743  mm).  3.595  mg  substance: 

0.233  ml  N2  (18°,  751  mm).  Found  N  7.52,  7.54.  C16H28N2S4. 

Computed  N  7.44. 

Y -Isopropylplperldine  salt  of  Y-isopropylpiperidyldithiocarbamic  acid. 

0.4  g  of  the  base  was  dissolved  in  2  ml  of  absolute  ether,  chilled  with  ice,  and 
then  mixed  with  a  chilled  solution  of  0.I5  g  of  carbon  disulfide  in  1  ml  of 
ether.  White  crystals,  totaling  0,43  g  (74^  of  the  theoretical)  were  precipi¬ 
tated  at  once.  The  crystals  were  recrystallized  from  alcohol  as  lustrous  flakes 
with  a  m.p.  of  154.5-155°. 

2.810  mg  substance"  0.204  ml  N2  (22°,  748  mm).  3*445  mg  substance: 

0.245  ml  N2  (19°,  758  mm).  Found  N  8.53,  8.29.  C17H34N2S2. 

Computed  N  8.47. 

Sodium  salt  of  Y-lsopropylplperldyldlthiocarbamic  acid.  A  solution  of 
0.16  g  of  sodium  hydroxide  In  O.25  ml  of  water  was  added  to  a  solution  of  0,5  g 
of  the  base  in  10  ml  of  absolute  alcohol.  Then  a  solution  of  0.33  g  of  carbon 
disulfide  in  2  ml  of  absolute  alcohol  (a  10^  excess  of  carbon  disulfide)  was 
added  drop  by  drop  while  the  solution  was  stirred  and  chilled  with  an  ice-salt 
mixture,  after  which  the  reaction  mass  was  stirred  for  an  hour  without  chilling. 
The  resultant  alcoholic  solution  was  concentrated  in  vacuumj  when  ether  was 
added  to  it,  0.82  g  (92.1^  of  the  theoretical)  of  the  white  crystals  of  the 
sodium  salt  settled  out.  It  crystallized  as  snow-white  crystals  with  a  m.p.  of 
197-198°  as  the  result  of  adding  ether  to  the  alcoholic  solution  until  the  lat¬ 
ter  grew  slightly  cloudy. 

2.570  mg  substance:  0.139  ml  N2  (21°,  748  mm).  2,286  mg  substance; 

0.120  ml  Np  (19°,  758  mm).  Found  N  6.18,  6.12.  CeHisNSpNa. 

Computed  N  6.22, 

Zinc  salt  of  Y-isopropylpiperldyldlthiocarbamic  acid.  M.p.  188-189°. 


The  m.p.  was  189“  after  recrystallization  from  a  benzene-ether  mixture. 

5.670  mg  substances  0.195  ml  N2  ,  7^8  mm).  2.922  mg  substance: 

0.151  ml  Ns  (21%  7^8  mm).  Found  N  6.01,  5. 91.  Ci8H32S4Zn. 

Computed  N  5.96. 

Thluram  disulfide  of  y -isopropylplperidine.  This  was  prepared  by  oxid¬ 
izing  the  sodi’jm  salt  with  iodine  in  alcoholic  solution.  After  recrystalliza¬ 
tion  from  ether  the  disulfide  had  a  m.p.  of  127*. 

2.672  mg  substance:  O.165  ml  N2  (21®,  Jk6  mm).  I.566  mg  substance: 

-  0.098  ml  Ns  (22°,  7k6  mm).  Found  N  7.05^  7*11.  C1QH32N2S4. 

Computed  N  6.92. 

Thiuram  tetrasulfide  of  Y -isopropylplperidine.  A  solution  of  O.18  g  of 
sulfur  monochloride  in  5  ml  of  absolute  ether  (a  20^  excess  of  S2CI2)  was  added 
to  0.5  g  of  the  sodium  salt  of  Y-isopropylpiperidyldithiocarbamic  acid  dissolved 
in  8  ml  of  absolute  ether.  The  reaction  mixture  was  chilled  with  ice,  and  stir¬ 
ring  was  continued  for  two  hours  without  any  chilling.  Driving  off  part  of  the 
ether  in  vacuum  caused  0.5  g  (57*7^  of  the  theoretical)  of  yellowish  crystals  -■ 
with  a  m.p.  of  91-92®  to  settle  out  of  the  solution.  They  crystallized  from 
ether  as  lustrous  flakes  with  a  m.p.  of  95°. 

0.1202  g  substance:  O.5588  g  BaS04.  2.527  mg  substance:  O.II5  ml  N2 

(21°,  75?  mm).  5.055  mg  substance:  0.148  ml  N2  (22°,  755  mm).  Found 

S  40.985  N  5.71,  5.61.  C18H32N2S4.  Computed  S  41.05)  N  5-98. 

Sodium  salt  of  trans-decahydroquinolyldithiocarbamlc  acid.  A  solution 
of  0.5  g  of  trans-decahydroquinoline  in  I5  ml  of  ether  was  added  to  a  solution 
of  0.17  g  of  sodium  hydroxide  in  0.55  ml  of  water.  Then  the  solution  was  well 
stirred  and  chilled  with  a  snow-and-salt  mixture  while  a  solution  of  0.55  g  of 
carbon  disulfide  in  5  ml  of  ether  (a  20^  excess  of  sodium  hydroxide  and  carbon- 
disulfide)  was  added  a  drop  at  a  time.  After  the  carbon  disulfide  had  been 
added,  stirring  was  continued  for  one  hoiir  without  chilling.  The  precipitated 
minute  crystals  of  the  sodium  salt  were  suction-filtered  out,  washed  with  ether, 
and  desiccated  with  phosphorus  anhyt^ride.  The  yield  was  O.85  g  (95.51^  of  the 
theoretical) .  , 

The  sodium  salt  had  a  m.p.  of  II8®  after  recrystallization  by  the  addi¬ 
tion  of  ether  to  an  alcoholic  solution  until  the  latter  turned  cloudy. 

The  sodixm  salt  of  trans-decahydroquinolyldlthiocarbamic  acid  was  like¬ 
wise  synthesized  in  alcohol. 

A  solution' of  0.l4  g  of  sodium  hydroxide  inv-0.5  ml  of  water  was  mixed 
with  a  solution  of  0.5  g  of  trans-decahydroquinoline  in  10  ml  of  alcohol.  The 
liquid  was  stirred  and  chilled  with  a  snow-and-salt  mixture  while  a  solution  of 
0.28  g  of  carbon  disulfide  in  2  ml  of  alcohol  was  added.  (The  theoretical  quan¬ 
tities  of  sodium  hydroxide  and  carbon  disulfide  were  used. )  Most  of  the  alcohol 
was  driven  off  from  the  resultant  slightly  yellowish  solution  at  room  tempera¬ 
ture  in  vacuum,  the  white  crystals  of  the  sodium  salt  being  precipitated  from 
the  residue  by  ether.  The  sodium  salt,  recrystallized  from  an  alcoholic  solu¬ 
tion  by  adding  ether  until  the  solution  turned  cloudy  (with  no  heat  applied), 
had  a  m.p.  of  II8® .  The  yield  was  0.5  g  (58.2^  of  the  theoretical). 

The  m.p.  of  the  zinc  salt  of  trans-decahydroqulnolyldithlocarbamic  acid 
was  122-125®.  It  was  crystallized  from  a  benzene-alcohol  mixture  as  minute 
yellowish  crystals  with  a  m.p.  of  125®. 

5.256  mg  substance:  O.I58  ml  Ng  (25®,  754  mm).  5.^56  mg  substance: 

0.169  ml  N2  (25°,  754  mm).  Found  N  5.^^,  5-^7.  C2oH32N2S4Zn. 

Computed  N  5*87. 


Thluram  disulfide  of  trans-decahydjroqulnollne.  0.3  g  of  the  sodium  salt 
of  trans-decahydroquinolyldlthiocarbamic  acid  was  oxidized  with  an  alcoholic 
solution  of  iodine.  The  alcoholic  solution  was  concentrated  in  vacuiam.  The 
resultant  precipitate  was  washed  with  water  and  desiccated  with  phosphoric  an¬ 
hydride^  the  yield  being  0.25  g  of  the  theoretical).  M.p.  8l® . 

Thiuram  hexasulfide  of  trans-decahydroquinoline^  A  solution  of  O.17  g 
of  sulfur  monochloride  in  3  ml  of  absolute  ether  was  added  to  0.4  g  of  the 
zinc  salt  dissolved  in  I5  ml  of  absolute  ether,  and  the  reaction  mass  was  stir¬ 
red  for  two  hours.  The  precipitate  was  suction-filtered  out,  washed  with  ether 
and  with  water  until  the  zinc  chloride  was  eliminated,  and  desiccated  with  phos 
phorlc  anhydride.  The  yield  was  0.4  g  (85.1^  of  the  theoretical).  M.p.  62-63° 

3o047  mg  substance:  0.135  ml  N2  (23°,  7^2  mm).  2.98O  mg-  substance: 

0.131  ml  N2  (23°,  7^2  mm).  3*210  mg  substance-.  5*05^  mg  CO2;  I.66O 
mg  H2O.  3*306  mg  substance:  5*236  mg  CO2;  1*730  mg  H2O.  0.1203  mg 
substance:  0.4021  g  BaS04.  Found  N  4.99)  C  42.94)  43.19)  H  5.79, 
5.85)  S  45. 91.  C20H32N2S8.  Computed  N  5*03;  C  43. 16)  H  5*75;  S  46.07. 

The  thiuram  hexasulfide  of  trans-decahydroquinoline  is  freely  soluble  in 
benzene,  chloroform,  and  carbon  disulfide  at  room  temperature,  and  is  insoluble 
in  ether,  alcohol,  or  ligroin.  Alcohol  throws  down  a  non-crystallizing  yellow 
oil  from  benzene  and  carbon-disulfide  solutions  of  the  hexasulfide.  When  the 
solutions  are  evaporated  in  vacuum  without  the  use  of  heat,  a  tacky  oily  pro¬ 
duct  is  left  behind. 

Derivatives  of  cls-decahydroquinolyldithiocarbamic  acid  were  prepared  un- 
der  the  same  conditions  as  the  trans-dithiocarbamates.  The  sodium  salt  of  cis- 
decahydroquinolyldithiocarbamic  acid,  recrystallized  by  adding  ether  to  its  al¬ 
coholic  solution  until  the  latter  turned  cloudy,  had  a  m.p.  of  l44°  (the  appara 
tus  was  preheated  to  l40° ) . 

The  zinc  salt  consisted  of  minute  yellowish  crystals  (from  a  benzene-al¬ 
cohol  mixture)  with  a  m.p.  of  212°. 

1.768  mg  substance:  O.O88  ml  N2  (24°,  7^9  mm).  2.888  mg  substance: 

0.142  ml  N2  (24°,  754  mm).  Found  y.  N  5.64,  5.61.  C2oH32N2S4Zn. 

Computed  N  5*67* 

The  cis-decahydroquinolyldithlocarbamate  of  cis-decahydroquinollne  was 
crystallized  from  alcohol  as  colorless  crystals  with  the  m.p.  of  137-138** 

2.948  mg  substance:  0.208  ml  N2  (25°,  7^7  mm).  I.96O  mg  substance: 

0,l40  ml  N2  (23°,  7^7  mm).  Found  N  7'* 9^',.  8''.09''*  Ci9H34N2S2.  Com- 

'puted  N  7.90. 

The  thiuram  disulfide  of  cis-decahydroquinoline  has  a  m.p.  of  129-130°) 
it  is  freely  soluble  in  ether,  benzene,  and  chloroform,  and  more  sparingly  in 
alcohol. 

2.-970  mg  substance:  0,167  ml  N2  (23°,  7^9  mm).  2.969  mg  substance: 

0.165  ml  N2  (24°,  749  mm).  Found  N  6.39,  6.29.  C20H32N2S4. 

Computed  N  6.53* 

The  thiuram  hexasulfide  of  cis-decahydroquinoline  has  a  m.p.  of  62-63®. 

It  is  as  unstable  in  organic  solvents  as  the  thiuram  hexasulfide  of  trans-deca- 
hydroqulnoline . 

0.1009  £j  substance:  0.3371  g  BaS04,  2.87I  mg  substance:  O.125  ml  N2 
(23°,  7^9  mm).  2.737  mg  substance:  0.II8  ml  N2  (26°,  752  mm). 

Found  io:  N  4.94,  4.93;  S  45.79.  C20H32N2S8*  Computed  N  5.03)  S  46.07. 


SUMMARY 


1.  A  method  has  been  developed  for  synthesizing  the  sodium,  zinc,  and 
y-ethylpiperidine  salts  of  y -ethylpiperidyldithiocarbamlc  acid,  and  the  thiuram 
disulfide  of  y-' ethyl  piperidine  has  been  synthesized. 

2.  A  method  has  been  developed  for  synthesizing  the  sodium,  zinc,  nickel, 
and  Y-lsopropylpiperidine  salts  of  y-isopropylpiperidyldithiocarbamic  acid,  and 
the  thiuram  disulfide  and  thiuram  tetrasulfide  of  y-isopropylpiperidlne  have 
been  synthesized. 

3^  The  decahydroquinoline,  sodiugi,  and  zinc  salts  of  the  dithiocarbamic 
acids  of  trans-  and  cis-decahydroquinolines  have  been  synthesized,  as  well  as 
the  .  thiuram  disulfides  and  hexasulfides  of  the  trans-  and  cis-decahydroquin 
olines. 
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THE  REACTIONS  OP  AZLACTONES  (OXAZOLONES)  WITH  AMINES 


S  I  Lurye,  S.  M.  Mamiofe,  -  and  Kh.  M  Ravikovich 


Not  much  work  has  been  done  on  the  reaction  of  azlactones  of  Type  (l)  with 
amines.  The  few  papers  on  this  topic  indicate  [i]  that  Type  (l)  azlactones  re¬ 
act  with  primary  and  secondary  amines  to  form  amides  of  the  respective,  acids. 
Research  on  this  reaction  has  demonstrated,  however,  that  the  amides  of  these 
acids  are  secured  when  amines  are  condensed  with  those  azlactones  whose  molecules 
contain  hydrogen,  an  alkyl  group,  or  an  aryl  group  as  the  R  and  R'  radicals. 

When  we  reacted  2-phenyl-k-isopropyllden-5-oxazolone  and  2-phenyl (benzyl,,  methyl) - 
4-benzyliden-5-oxazolone  with  aniline,  we  secured  the  anilides  of  a-benzoylamino- 
3, 3’ -dimethylacrylic  acid  (ll)  and  a-benzoyl(phenacyl,  acetyl) -aminocinnamic 
acid  (III). 


5 


H3C 


.  .CONHCells 


>c=cC 

HaC^  NHCOCeHg 


CeHg  ^CONHCsHg 


(II)  (III) 

R"  =  CeHg,  CHsCsHg,  CH3. 


But  when  we  began  to  investigate  this  reaction  with  azlactones  in  whose 
molecule  the  radical  in  the  4  position  has  a  hydroxy  or  ethoxy  group,  we  secured  — 
in  addition  to  the  amides  of  the  respective  acids  —  amides  of  acids  in  which  the 
hydroxy  group  had  been  replaced  by  the  amino  radical  plus  Type  (l)  azlactones 
containing  an  amino  group  instead  of  the  hydroxy  (or  ethoxy)  group,* 

■  ’  '  ’  '  We  'used  aniline  and  ^'"piperidine  in  our  Investigation'  of  this 

reaction,  '  In  only  one  case  ~  with  2-phenyl-4- (l-hydroxyethyliden  )' -5-oxazolone  - 
did  aniline  react  with  the  azlactone  ring  and  with  the  hydroxy  group,  yielding 
the  anilide  of  a-benzoylamino-3-phenylamlnocrotonlc  acid  (IV),  In  all  the 
other  cases,  the  amine  reacted  either  with  the  azlactone  ring  or  only  with  the 
hydroxy  (or  ethoxy)  group)  it  should  be  said  that  only  piperidine  reacted  with 
the  azlactone  ring,*  without  affecting  the  hydroxy  (or  ethoxy)  group  at  all,  so 
that  we  secured  piperidides  of  the  respective  acids.  2-Phenyl -4- (l-hydroxyethyl- 
iden) -5-oxazolone  and  piperidine,  for  example,  yielded  the  piperidlde  of  a- 
benzoylamino-3-hydroxycrotonic  acid  (Y) ,  whereas  2-phenyl -4-ethoxymethylen-5 - 
oxazolone  yielded  the  piperidlde  of  a-benzoylamino-3-ethoxyacryl  Ic  acid  ("Vl) . 


CONHCellg 

H3C-C=C<^ 

I  NHCOCeHs 
NHCeHs 

(IV) 


i3C-(j:=c 

OH 


CONC5H10 

NHCOCeHs 

(V) 


CONC5H10 

HC=C<" 

I  -NHCOCeHs 
OC2H5 

(VI) 


*  The  formation  of  these  compounds  is  evidence  of  the  ability  of  the  amine  to  react  with  the 
hydroxy  (or  ethoxy)  group  as  well  as  with  the  axlactone  ring. 
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When  2-phenyl-4  ethoyymethylen-5-oxaz.orone  is  reacted  with  aniline  or 
piperidine,  the  principal  reaction  products  are  the  azlactones  (VIl)  and  (VIIl) , 
respectively,  containing  the  amine  residue  instead  of  the  ethoxy  group j  i.e., 
in  this  case  the  amine  reacts  with  the  ethoxy  group,  not  affecting  the  azlactone 
ring  at  all «  By-products  were  formed  in  each  of  these  reactions  in  addition 
to  the  azlactones  (VIl)  and  (VIIl) .  A  minute  quantity  of  the  piperidlde  (Vl) 
was  formed  alongside  the  azlactone  (VIIl).  The  formation  of  the  azlactone  (VIl) 
was  paralleled  by  the  formation  of  still  another  compound,  recovered  from  the 
mother  liquors  and  having  the  empirical  formula  C16H12O2N2,  but  having  a  dif¬ 
ferent  melting  point  than  that  of  the  azlactone  (vir),.  At  first  we  thought 
that  this  compound  and  the  azlactone  (VIl)  were  cis-  and  trans-  Isomers.  Inves¬ 
tigation  of  their  ultraviolet  absorption  spectra,  however,  compelled  us  to 
abandon  this  assumption,  since  the  absorption  curves  of  the  two  compounds  were 
wholly  identical.  What  is  more,  analysis  of  the  oxazole  of  the  derivatives  in¬ 
dicated  that  their  spectra  coincided  with  the  spectra  of  the  azlactones  of  the 
unsaturated  amino  acids.  This  led  us  to  the  idea  that  the  compound  that  is 
isomeric  with  the  azlactone  (VIl)  is  a  derivative  of'  an  oxazole  and  should  have 
the  structural  formula  (IX) . 

HC-^rv^C-CONHCeHs 

I  I 

6  N 
C—CsHs 

(IX) 

It  is  worthy  of  note  that  the  azlactones  (VIl)  and  (VIIl)  resist  the  ac¬ 
tion  of  amines.  Heating  them  further  with ^aniline  does  not  rupture  the  azlac¬ 
tone  ring.  These  azlactones  react  with  alcohol  in  the  presence  of  sodium  al- 
coholate  like  other  Type  (l)  lactones,  yielding  esters  of  the  respective  acids. 

Study  of  the  ultraviolet  spectra  of  Type  (l)  azlactones  and  of  the  anil¬ 
ides  of  unsaturated  acylated  amino  acids  has  been  of  great  value  in  the  pres¬ 
ent  research.  An  important  factor  has  been  the  circumstance  that  our  spectra 
data  have  enabled  us  to  establish  several  behavior  patterns  in  the  relation¬ 
ship  between  the  position  of  the  maximum  in  the  absorption  spectra  of  these  com¬ 
pounds  and  the  nature  of  the  radicals  that  enter  into  the  molecule  of  a  Type 
(l)  azlactone  and  of  the  anilides. 

The  absorption  spectra  of  the  azlactones  and  the  anilides  were  recorded 
with  a  quartz  spectrograph  and  with  a  Beckmann  spectrophotometer.  The  absorp¬ 
tion  spectra  of  the  azlactones  recorded  photographically  disclosed  several 
narrow  absorption  bands  of  different  intensities,  whereas  the  photometric  abc 
sorption  curves  of  these  compounds  exhibited  only  one  wide  absorption  band  with 
a  maximum  whose  position  was  that  of  the  principal  maximum  of  the  spectrogram. 
The  spectra  of  the  anilides  did  not  exhibit  separate  narrow  bands,  the  curves 
secured  by  both  methods  having  a  single  absorption  maximum.  The  spectra  of  all 
the  azlactones  and  anilides  were  recorded  in  alcoholic  solution,  with  the  ex¬ 
ception  of  2-phenyl-4- (l~hydroxyethyliden) -5-oxazolone,  t'he  spectrum  of  which 
can  be  secured  only  in  an  alkaline  solution  (enol  form) .  The  absorption  curves 
of  all  the  tested  Type  (l)  azlactones  are  alike.  Figures  1  and  2  give  the  ab¬ 
sorption  spectrum  of  2-benzyl-4-benzyllden-5-oxazolone,  which  is  typical  of 
Type  (l)  azlactones.  The  absorption  curves  of  all  the  tested  anilides  are  like¬ 
wise  alike.  The  absorption  curve  of  one  of  the  anilides  tested  is  given  in 
Fig.  3o 

The  molecule  of  a  Type  (l)  azlactone  has  two  systems  of  conjugated  bonds 


CeHs  CsHs 


(VII)  (VIII) 
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Fig,  1,  Absorption  spec 
trum  of  2-benzyl-4-benz 
yliden-5-oxazolone  (a 
quartz  spectrograph) . 


Fig.  2,  Absorption  spectrum 
of  2-benzyl-4-benzyliden-5- 
oxazofone  (Beckmann  spec¬ 
trophotometer)  . 


Fig.  3*  Absorption 
curve  of  the  anilide  of 
a-phenacylaminoc innamic 
acid. 


(X).  The  absorption  maximum  is  located  in  the  ^l^O-'^QOO  A  range  in  the  spectra 
of  the  azlactones  we  tested. 

As  we  see  in  Table  1,  the  position  of  the  absorption  maximum  varies  with 
the  changes  in  the  R'  and  R"  radicals.  In  the  first  five  azlactones,  the  R 
radical  is  hydrogen  or  an  alkyl  group,  each  having  about  the  same  effect  upon  the 
position  of  the  maximum.  In  these  azlactones  the  radical  R"  is  the  phenyl  group. 


TABLE  1 


Absorp 
tion 
max..,X  j 


Formula 


Oxazolones 


2“Phenyl-^-isopropyliden-5-oxazolone  C12H11O2N 
2-Phenyl“4-ethoxymethylen-5- 

oxazolcne  C12H11O3R 

2-Phenyl-4- (ihydroxyethyliden) -5- 

oxazolone  . C11H9O3N 

2-Phenyl-4-benzyliden-5-oxazolone. , ,  C16H11O2N 


CieHi202N2  H 


2-Methyl-4-benzyliden-5-oxazolone 

2-Benzyl-4-benzyliden-5-oxazolone 

2-Phenyl-4-benzyllden-5-oxazolone 


C11H9O2N  n  CeHs 

C17H15O2N  H  Cells 

C16H11O2N  H  Cells 


Only  the  R'  radical  varlesj  R'  is  methyl  in  the  first  azlactone,  and  the  hydroxy 
(or  ethoxy)  group,  the  phenyl  group,  and  the  phenylamino  group  in  the  other  az¬ 
lactones,  The  changes  in  the  R'  radical  were  paralleled  by  a  progreaslvc  shift 
of  the  absorption  maximum  toward  the  longer  wavelengths.  The  relationship  be¬ 
tween  the  position  of  the  absorption  maximum  and  the  nature  of  the  R"  radical 
was  discovered  in  the  remaining  three  azlactones  (Table  1,  la  -  3a) ,  In  these 
azlactones,  the  R  and  R'  radicals  remain  the  same,  the  R'*  radical  changes.  The 
absorption  maximum  is  located  at  328O  A  for  methyl  as  the  R*’  group,  and  at  365O 
A  for  phenyl  as  the  R"  group. 


The  absorption  spectra  of  the  anilides  of  unsaturated  amino  acids  differ 
from  the  spectra  of  the  azlactones  in  the  shape  of  their  absorption  curves  and 
in  the  position  of  the  absorption  maximum,  which  is  closer  to  the  shorter  wave¬ 
lengths.  The  molecule  of  anilides  of  the  unsaturated  amino  acids  possesses  one 
system  of  conjugated  bonds  (Xl) . 
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(X) 


R 


0 

II 

CNHCeHs 


>c=c<( 

R'  raCOR" 


(XI) 


The  absorption  maxima  lie  in  the  2600-3220  A  range  in  the  spectra  of  the 
tested  anilides. 

In  our  study  of  the  anilide  spectra  we  noted  the  effect  of  the  nature  of 
the  R*  radical  upon  the  position  of  the  absorption  maximum,  as  we  had  done  on 
the  azlactone  spectra. 

In  the  anilides  1,  2,  and  5  (Table  2),  for  example,  the  R  and  R*  radicals 
are  alike,  while  the  R'  radical  differs,  being  the  methyl,  phenyl,  and  phenyl- 
amino  groups,  respectively.  The  absorption  maxima  of  these  three  anilides  range 
from  2600  to  3220  A.  We  also  endeavored  to  ascertain  the  Influence  v.  c 


TABLE  2 


Radicals 

Absorp- 

No. 

Anilides 

Formula 

R 

R' 

R" 

tion 
max, A,  A 

1 

a-Benzoylamino-3, 3 ' -dimethyl- 
acrylic  acid  . . . . . 

C18H18O2N2 

CH3 

CH3 

CeHs 

2600 

2 

a-Benzoylaminocinnamic  acid  . 

C22H18O2N2 

H 

CeHs 

CeHs 

2815 

3 

a-Phenacylamlnocinnamic  acid  .... 

C23H20O2N2 

H 

CeHs 

CHaCeHs 

2850 

4 

a-Acetylaminocinnamlc  acid  . 

C17H16O2N2 

H 

CeHs 

CH3 

2840 

5 

a-Benz  oylamino - 3 - pheny lamino- 

crotonic  acid  . . . . 

C23H21O2N3 

CH3 

NHCeHs 

CeHs 

3220 

of  the  nature  of  the  R"  radical  upon  the  position  of  the  absorption  maximum  by 
investigating  the  anilides  2,  3^  and  k,  in  which  the  R  and  R'  radicals  are 
alike,  while  the  R"  radical  is  phenyl,  benzyl,  and  methyl,  respectively.  We 
found,  however,  that  the  absorption  maxima  of  these  latter  three  anilides  are 
very  close  together.  Here  we  encounter  a  new  factor  that  influences  the  rela¬ 
tionship  between  the  structure  of  the  azlactones  and  anilides  and  the  position 
of  the  absorption  maximum.  In  studying  the  spectra  of  the  azlactones  we  found 
that  the  phenyl  group  in  the  2  position  and  in  the  4  position  shifts  the  ab¬ 
sorption  maximum  toward  the  longer  wavelengths. 


In  the  anilides  the  presence  of  a  phenyl  group  at  the  3-position  has  the 
same  effect,  while  at  the  a-position  this  group  has  no  effect  whatever  upon  the 
shift  of  the  maximum.  Obviously,  not  only  the  nature  of  the  radical,  but  its 
location  with  regard  to  the  azlactone  or  anilide  molecule's  conjugated  bonds 
as  well,  governs  the  displacement  of  the  absorption  maximum  in  the  spectra  of 
the se_ compounds .  In  the  azlactones,  the  radicals  at  the  2  position  directly 
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adjoin  one  system  of  conjugated  bonds  (x)  and  adjoin  the  other  system  at  the  4 
position,  in  both  cases  setting  up  the  conditions  required  for  an  exchange  of 
electrons  between  the  atoms  of  the  phenyl  group  and  the  atoms  of  the  azlactone 
molecule’s  system  of  conjugated  bonds.  Here  we  observe  a  change  in  the  posi¬ 
tion  of  the  absorption  maximum.  If,  Instead  of  the  phenyl  group,  there  is  an 
alkyl  groi^  without  a  system  of  conjugated  bonds  at  these  positions,  no  elec¬ 
tron  exchange  takes  place j  then  we  find  the  maxinium  to  be  located  at  the  shorter 
wavelengths.  The  phenyl  group  at  the  a-posltion  in  the  anilide  molecule  does 
not  abut  on  the  sole  system  of  conjugated  bonds,  so  that  the  necessary  condi¬ 
tions  for  electron  exchange  are  not  present j  that  is  probably  why  this  group 
was  found  to  have  no  effect  upon  the  position  of  the  absorption  maximum. 

EXPERIMENTAL 

The  six  Type  (l)  azlactones  listedt In  Table  5  were  used  in  our  study  of 
vthe  reaction  of  azlactones  with  amines.  These  azlactones  were  prepared  by  con¬ 
densing  ketones,  aldehydes  [2],  and  orthoformic  ester  [3]  with  hlppuric  (or 
phenaceturic  or  aceturic)  acid  in  the  presence  of  acetic  anhydride. 


TABLE  3 


No. 

Name 

Formula 

Yield, 
io  of 
'theory 

Melting 

point 

Computed  ^  Found  % 

C 

H 

N 

1 

C 

H 

N 

1 

2-Phenyl-4-iso- 
propyliden-5- 
oxazolone. ...... 

C12H11O2N 

99-100° 

71.64 

5.1*7 

6.96 

i71.66 
l  - 

5.6 

7.0 

2 

2-Phenyl-4-ben- 
zyl  1  den-5 -ox<- 
azolone. ........ 

CisHij^  O2N 

70 

165-166 

1  71.50 

4.42 

5.62 

1 

1 

1 

71.55 

4.7 

5.63 

'  3 

2-Benzyl-4-ben- 

zyliden-5-ox- 

azolone 

C17H13O2N 

30-40 

105-106 

■  1 

i77.53 

1  j 

4.98 

5.32 

77.81 

5.23 

5.40 

4 

2-Methyl -4 -ben- 
zyliden-5-ox- 
azolone  ........ 

CiiH902N 

1 

i 

68 

146-148 

i 

i  i 

70.59' 

4.81 

7-49 

70.35 

5.01 

7.51 

5 

2-Phenyl-4-(l- 
ethoxymethylen) - 
5-oxazolone  . . . . 

C12H11O3N 

25-30 

95-96 

j  66 . 36 

i 

5.10 

6.45 

66.44 

5.05 

6.48 

6 

2-Phenyl-4- (l- 
hydroxyethyl- 
lden)  -5-oxazo¬ 
lone  .......  0 ... . 

’ 

C11H9O3N 

70 

1 

195-194 

r —  • 

1 

i 

1 

1 

1 65 . 03 

4.43 

|6.9 

64.81 

4.45 

1 

i 

6.95 

1.  Anilide  of  a-benzoylamino-3 , P-dimethylacryllc  acid.  5  S  oT  2 -phenyl -4- 
isopropyllden-5-oxazolone  and  2.32  g  of  freshly  distilled  aniline  were  heated 
to  60-70°  for  2  houts  with  30  ml  of  anhydrous  benzene  in  a  round-bottomed  flask 
fitted  with  a  reflux  condenser.  When  the  reaction  was  over,  the  benzene  was 
driven  off  in  vacuum,  the  remaining  crystalline  substance  being  washed  with  ab¬ 
solute  ether  to  remove  any  traces  of  unreacted  azlactone  and  aniline.  The  anil¬ 
ide  of  a-benzoylamino-3-P-dimethylacrylic  acid  is  a  yellow  crystalline  substance 
with  a  m.p.  of  276-2.78*  (with  decomposition).  It  is  sparingly  soluble  in  alcohol. 
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acetone,  chloroform,  and  cold  benzene,  and  somewhat  more  soluble  in  pyridine, 
dioxane,  and  acetic  acid.  The  yield  was  70^  of  the  theoretical. 

Found  C  75,35)  H  6.l8>  N  9o50.  C18H18O2N2.  Computed  C  73.^7) 

H  6.17)  N  9.52. 

The  anilide  of  a-benzoylamino-p, 3-dimethylacrylic  acid  was  hydrolyzed  as 
follows;  1  g  of  the  anilide  was  boiled  with  I5  ml  of  12^  hydrochloric  acid  for 
4  hours.  The  anilide  floating  on  the  surface  of  the  liquid  dissolved  as  heat¬ 
ing  progressed.  When  the  reaction  was  over,  the  mixture  was  cooled,  crystals 
of  benzoic  acid,,  with  a  m.p.  of  121-122°,  being  thrown  down  at  once.  These 
crystals  exhibited  no  depression  when  melted  with  benzoic  acid.  The  benzoic 
acid  was  filtered  out,  and  the  mother  liquor  was  treated  in  the  cold  with  brom¬ 
ine  water,  precipitating  the  crystals  of  trlbromoanlline.  M.p.  119-121“. 

Yield;  82^  of  the  theoretical. 

2,,  Anilide  of  g-benzoylaminocinnamic  acid.  0.6  g  of  2-phenyl-4-benzyllden- 
5-oxazolone  and  O.5  g  of  aniline  were  heated  with  5  nil  of  anhydrous  benzene  to 
70“  for  2  hours  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser.  The 
solution  cleared  up  within  I5  minutes,  but  then  the  anilide  began  to  precipitate 
out  gradually.  When  heating  was  over,  the  precipitate  was  filtered  out  and 
washed  with  a  small  amount  of  benzene  and  then  with  ether.  The  yield  was  85^ 
of  the  theoretical.  The  anilide  of  a-benzoylaminocinnamlc  acid  is  a  white  crys¬ 
talline  substance  with  a  m.p.  of  230-232°.  It  dissolves  when  heated  in  ethyl 
acetate,  though  it  is  Insoluble  in  ether  or  in  cold  benzene,  its  solubility- 
being  slight  in  boiling  benzene. 

Found  C  76.58)  H  5-53)  N  8.23.  C22H18  O2N2.  Computed  C  76.3O5 

H  5.2O5  N  8.38. 

3.  Anilide  of  g-phenacylaminoclnnamic  acid.  0.35  g  of  2-benzyl-4-benzyl- 
iden-5-oxazolone,  0.24  g  of  aniline,  and  3  gof  anhydrous  benzene  were  heated 
and  then  processed  as  set  forth  in  Experiment  2.  The  anilide  of  a-phenacyl 
aminocinnamic  acid  consists  of  white  flocculent  crystals,  with  a  m.p.  of  197- 
198°,  that  were  crystallized  from  methanol.  Yield;  80^  of  the  theoretical. 

Found  C ’77.18)  H  5-^3)  N  7.91.  C23H20O2N2.  Computed  C  77.^9) 

H  5.661  N  7.86. 

4.  Anilide  of  g-acetylaminocinnamic  acid.  0,6  g  of  2-methyl-4-benzyliden- 
5-oxazolone  and  0.6  g  of  aniline  were  dissolved  in  3  ml  of  anhydrous  benzene. 
Crystals  started  settling  out  of  the  solution  in  the  cold.  The  reaction'mass 
was  heated  over  a  water  bath  for  an  hour  and  then  filtered.  The  precipitate 
was  washed  with  benzene  and  with  ether  and  then  crystallized  from  methanol. 

M.p.  188-190°.  Freely  soluble  in  methanol  and  ethyl  alcohol,  sparingly  in 
benzene  and  chloroform.  Yield:  73^  of  the  theoretical. 

Foiond  C  72.79)  H  5.59)  N  9.98.  C1TH16O2N2.  Computed  C  72.86j 

H  5.75)  N  9.96. 

5.  Anilide  of  a-benzoylamino-3-phenylaminocrotonic  acid.  0.6  g  of  2-phenyl- 
4- (l-hydroxyethyliden) -5-oxazolone,  0,5  g  of  aniline,  and  6  ml  of  anhydrous 
benzene  were  heated  together  for  2  hours.  The  resultant  anilide  was  crystallized 
from  ethyl  alcohol)  m.p.  187-189“.  Yield;  55^  of  the  theoretical. 

Found  C  74.12)  H  5.9O)  N  11.42.  C23H21O2N3.  Computed  C  74'.36)  :: 

H  5.7O)  N  11.32. 

Hydrolysis  of  the  anilide  of  a-benzoylamlno-3-phenylaminocrotonic  acid; 

0.2  g  of  the  anilide  was  boiled  with  10  ml  of  l8^  hydrochloric  acid  for  4  hours. 
When  the  reaction  medium  cooled, ._a  crystalline  precipitate  of  benzoic  acid  was 
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thro-wn  down;  it  was  filtered  out.  Bromine  water  was  added  in  the  cold  to  the 
filtrate  until  its  color  remained  yellow.  Trihromoaniline^  with  a  m.p.  of 
119-121®^  was  precipitated.  The  amount  of  tribromoaniline  thrown  down  was 
equivalent  to  two  mols  of  aniline. 

6.  Fiperidide  of  a-benzoylamino-3-hydroxycrotonic  acid.  O.25  g  of  2-phenyl 
4 - ( 1  -hydr ox.ye t hyl i den ) -5 - oxaz olone ,  0 , o4  g  of  piperidine,  and  2  ml  of  anhydrous 
benzene  were  heated  together  to  a  gentle  boil  for  2  hours  in  a  round-btttomed 
flask  fitted  with  a  reflux  condenser.  When  the  reaction  was  over,  the  benzene 
and  the  excess  piperidine  were  driven  off  in  vacuum,  and  a  few  milliliters  of 
anhydrous  ether  were  added  to  the  residue  in  the  flask.  White  crystals  settled 
out;  they  were  purified  by  precipitating  them  from  an  alcoholic  solution  with 
ether.  The  plperldlde  of  a-benzoylamlno-P-hydroxycrotonic  acid  consists  of 
white  crystals  with  a  m.p.  of  140-142“  that  turn  a^FeCla  solution  bright  blue. 

Found  C  66.51;  H  6.82;  N  9°8l«  Ci6H2o03N2.  Computed  C  66.65; 

H  6.89;  N  9o72= 

7.  2--Phenyl-4-phenylaminomethylen-5-oxazolone.  O.5  g  of  2-phenyl-4-ethoxy- 
methylen-5-oxazolone  was  heated  with  0.21  g  of  aniline  and  3  ml  of  anhydrous 
benzene  for  2  hours  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser. 

The  white  crystals  of  the  initial  product  gradually  turned  into  greenish-yellow 
crystals,  which  were  filtered  out  upon  completion  of  the  reaction.  The  pre¬ 
cipitate  was  washed  with  benzene  and  recrystallized  from  acetone  or  benzene. 
Recrystallization  from  benzene  yielded  aclcular  greenish-yellow  crystals  with 

a  m.p.  of  158-160°.  Yield:  60^  of  the  theoretical. 

Found  C '72.51;  H  4.63;  N  10,63.  CieHi202N2.  Computed  C  72-72; 

E  4.61 ;  N  10,60.  i 

After  the  substance  with  a  m.p.  of  158-160°  had  been  filtered  out,  the  benzene 
solution  was  evaporated  at  room  temperature  to  three-fourths  of  its  original 
volume,  and  a  substance  with  a  m.p.  of  168-170“  began  to  settle  out.  Its  melt¬ 
ing  point  remained  the  same  after  recrystallizations  from  benzene. 

Found  C  72.67;  H  4.96;  N  10.79-  C16H12O2N2.  Computed  C  72-72; 

H  4,6l;  N  10.60. 

1  g  of  2-phenyl -4-phenylamlnomethylen-5-oxazolone  and  O.5  g  of  aniline  were 
heated  in  3  ml  of  anhydrous  benzene  to  7^°  1‘or  2  hours.  The  solvent  was  driven 
off,  and  the  residue  was  washed  slightly  with  ether  and  recrystallized  from 
benzene.  M.p.  Ii58-l60“ .  It  exhibited  no  depression  when  melted  with  2-phenyl- 
-phenylamlnoraethylen-5-oxazolone . 

8.  Methyl  ester  of  a-benzoylamlno-3-phenylaminoacrylic  acid.  O.25  g  of  2- 
phenyl -4 -(T-pheny laminae thylene ) -5 -oxazolone  was  dissolved  in  25  ml  of  meth¬ 
anol  to  which  1  mg  of  metallic  sodium  had  been  added.  The  mixture  was  allowed 
to  stand  for  several  hours  at  room  temperature,  white  crystals  settling  out  of 
the  solution.  The  reaction  mixture  was  neutralized  and  then  filtered,  the  pre¬ 
cipitate  being  washed  with  a  small  quantity  of  methanol.  Yield:  4l^  of  the 
theoretical.  The  methyl  ester  of  a-benzoylamlno-3-phenylamlnoacryllc  acid  con¬ 
sists  of  white  crystals  with  a  m.p.  of  l82-l84°,  freely  soluble  in  alcohol  and 
benzene . 


Found  C  68.71;  H  5.64;  N  9-32.  C17H16O3N2.  Computed  C  68.92; 

H  5.40;  N  9-45, 

9.  2-Fhenyl-4- (l-piperidylmethylen) -5-oxazolone.  0.5  g  of  2-phenyl-4-ethoxy 
methylen-5-oxazolone7  0.8  g  of  piperidine,  and  2  ml  of  anhydrous  benzene  were 
heated  to  a  gentle  boll  for  2  hours  in  a  round-bottomed  flask  fitted  with  a  re¬ 
flux  condenser.  As  the  solution  cooled,  a  certain  amount  of  a  white  crystalline 


substance  settled,  which  was  filtered  out.  The  mother  liquor  was  evaporated  in 
vacuum,  yellow  crystals  with  a  m.p.  of  123-124.5°  remaining  in  the  distilling 
flask.  They  were  freely  soluble  in  alcohol,  benzene,  and  ether.  Yield  50^  of 
the  theoretical. 

Found  C  70. 06;  H  6.37|  N  11,10;  C15H16O2N2.  Computed  C  70.28; 

H  6.29;  N  10.93. 

The  white  substance  that  settled  out  of  the  benzene  solution  before  the 
latter  was  evaporated  had  a  m.p.  of  358-340°  and  was  the  piper idide  of  a-benzoyl 
amino-^-ethoxyacrylic  acid. 

Found  ioi  C  67.14;  H  6.75;  N  8.96.  C17H22O3N2.  Computed  C  67. 5I; 

H  7.34;  N  9.26. 

All  the  analyses  were  performed  by  E. A, Ignatyeva,  to  whom  we  are  Indebted. 


SUMMARY 

1.  Azlac tones  whose  molecules  have  an  alkyl  or  aryl  group  as  the  radical 
at  the  4  position  react  with  amines  to  yield  amides  of  the  respective  acids. 

2.  Azlac tones  whose  molecules  have  a  hydroxy  or  ethoxy  group  as  the  radical 
at  the  4  position  react  with  amines  to  yield  compounds  of  three  types:  amides 

of  the  respective  acids;  amides  of  acids  whose  hydroxy  group  has  been  replaced 
by  the  amine  radical;  and  azlactones  in  which  the  hydroxy  (or  ethoxy)  group  has 
been  replaced  by  an  amine  radical. 

3.  Analysis  of:the  ultraviolet  absorption  spectra  of  the  azlactones  and 
anilides  of  unsaturated  acylated  amino  acids  enabled  us  to  determine  the  varia¬ 
tion  of  the  position  of  the  absorption  maximum  with  the  nature  of  the  radicals 
and  their  position  with  respect  to  the  system  of  conjugated  bonds.  , 
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RESEARCHES  ON  HYDROXYPUCHSONE  DYES 
XIII.  ACETYLATION  OP  HYDROXYMETHOXYPUCHSONES  , 

I. S. Ioffe 


It  was  noticed  a  long  time  ago  that  when  fuchsones  are  reacted  with  acetyl- 
ating  agents  they  react  at  their  quinone  ring,  finally  yielding  acetoxytriphenyl- 
carbinols,  the  latter  also  being  formed  during  the  acetylation  of  the  hydroxy- 
triphenylcarbinols  synthesized  by  preliminary  hydration  of  the  respective  fuchs- 
ones.  When  unsubstituted  fuchsone  (l)  is  acetylated,  for  instance,  we  get  4- 
acetoxytriphenylcarbinol  (ll),  which  is  likewise  prepared  by  acetylating  4-hyd- 
roxytriphenylcarbinol  (ill). 


(Ill) 


The  presence  of  an  unsubstituted  carbinol  group  in  the  acetylation  products 
of  fuchsones  and  hydroxytriarylcarbinols  is  due  to  the  fact  that  in  these  com¬ 
pounds  that  group  enters  into  esterification  slowly,  while  the  esters  that  are 
formed  with  its  participation  are  hydrolyzed  very  readily.  The  acetoxytriphen- 
ylcarbinol  was  itself  synthesized  only  in  an  anhydrous  medium  by  reacting  tri¬ 
phenyl  die  hlorome  thane  with  silver  acetate.  It  has  been  found  [2]  that  this 
ester  is  readily  hydrolyzed  by  water  to  triphenylcarbinol. 

Because  of  the  foregoing,  the  acetylation  of  hydroxyfuchsone  dyes  involves 
both  the  hydroxy  group  of  the  dye  and  its  qulnoid  ring,  yielding  the  correspond¬ 
ing  polyacetoxytrlphenylcarbinols.  Benzaurin  (IV)  yields  [a]  4,4' -diacetoxytrl- 
phenylcarblnol  (V)  in  a  reaction  of  this  sort,  though  we  have  also  synthesized 
the  latter  [4]  by  acetylating  4,4' -dihydroxytriphenylcarbinol  (Vl) :  (see  Scheme 
1,  following  page). 

Similarly,  aurin  (VIl)  yields  4,4' ,4''-triacetoxytrlphenylcarbinol  (VIIl), 
as  described  by  Gomberg  [bJs  i  see  Scheme  g  following  page). 

All  these  acetoxytrlphenylcarbinols  are  readily  saponified  by  treating 
them  with  mineral  acids  or  alkalies.  When  they  are  reacted  with  acids,  colored 
onium  salts  of  the  respective  fuchsone  compounds  are  formed  [e].  When  they  are 
reacted  with  alkalies,  salts  of  the  hydroxy  triarylcarbinols  are  formed,  which 
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(Scheme  2) 


usually  split  off  water  at  the  suitable  alkali  concentration  and  are  converted 
into  colored  salts  with  the  anion  of  the  respective  hydroxyfuchsone  dye, 

We  might  have  expected  the  acetylation  of  the  other  fuchsone  derivatives, 
including  the  hydroxyfuchsone  dyes  that  contain  methoxy  groups  in  the  ortho  posi¬ 
tion  to  the  hydroxy  and  oxo  groups,  such  as  rubrocol  (XIV)  to  follow  the  same 
pattern.  But  I.Ya.  Postovsky  and  A  M.Eidlin  have  recently  published  a  paper  [v] 
stating  that  the  acetylation  of  3^5S3’'-trimethoxyaurin  (rubrocol)  results  in 
the  formation  of  a  colorless  acetyl  derivative  with  a  m.p.  of  206-208°,  which  is 
saponified  into  a  new  colorless  substance  with  a  m.p.  of  258-240°  instead  of  in¬ 
to  a  salt  of  the  initial  dye.  This  led  Postovsky  and  Eidlln  to  conclude  that 
the  methoxy  group  causes  the  acetylation  of  methoxyfuchsone  derivatives  to  fol¬ 
low  an  unusual  course  for  fuchsone  compounds,  ending  up  in  the  formation,  not 
of  the  respective  acetoxytriarylcarbinols,  but  rather  of  more  complex  substances 
that  cannot  be  converted  by  saponification  into  the  original  fuchsone  derivative. 

Our  investigations  have  demonstrated,  however,  that  methoxyfuchsone  deriva¬ 
tives  can  be  acetylated  in  the  manner  applicable  to  all  fuchsone  derivatives, 
resulting  in  the  formation  of  the  corresponding  acetoxytriarylcarbinols. 

The  parent  of  our  methoxyfuchsone  compounds  was  3 -methoxyfuchsone  (IX),  in¬ 
vestigated  in  detail  by  us  together  with  Z.Ya.Khavin  [e].  Acetylating  this  sub¬ 
stance,  we  secured  3-methoxy-4-acetoxytrlphenylcarbinol  (X),  which  was  also 
synthesized  by  acetylating  3-methoxy-4-hydroxytriphenylcarblnol  (Xl) ;  (see  Scheme 
3,  following  page). 

The  acetyl  derivative  (X)  crystallizes  as  colorless  crystals  with  a  m.p.  of 
129-131“ •  When  it  is  heated  with  alkalies,  we  get  a  salt  of  the  hydroxycarbinol 

(XI) ,  from  which  the  original  fuchsone  can  be  secured  by  acldulation  and  de¬ 
hydration. 

From  a  more  complex  methoxyfuchsone  compound,  3^5*  dimethoxybenzaurln 

(XII) ,  we  secured  [s]  an  acetylation  product  with  a  m.p.  of  129*^  to  which  we 
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assigned  the  acetoxycarbinol  structure  (XIIl) ; 


(XII)  (XIII) 


After  learning  of  the  paper  hy  Postovsky  and  Eidlin  [r],  we  decided  to  re¬ 
turn  to  this  substance  and  make  a  more  thorough  study  of  it.  A  more  thorough 
purification^,  plus  repeated  recrystallization,  yielded  the  acetylation  product 
of  -dlmethoxyhonzaurin  in  the  form  of  colorless  crystals  with  the  constant 
m.po  of  136-138'*.  This  substance  is  saponified  fairly  readily  by  acids  as  well 
as  by  alkalies.  When  it  is  heated  with  hydrochloric  acid,  we  get  the  hydro¬ 
chloride  of  the  original  dye 5  when  heated  with  an  alkali,  the  substance  gradual¬ 
ly  dissolves,  coloring  the  solution  the  characteristic  blue  of  alkaline  salts 
of  dlmethoxybenzaurin.  Alcoholic  solutions  of  the  acetyl  derivative  are  saponi¬ 
fied  most  readily.  Colorimetric  determinations  show  that  the  acetyl  derivative 
is  quantitatively  converted  into  a  salt  of  the  dye  when  such  an  alcoholic  solu¬ 
tion  is  treated  with  alkali.  When  the  acetyl  derivative  is  heated  with  zinc 
in  acetic  acid,  it  is  reduced,  being  converted  into  a  derivative  of  acetoxytri- 
phenylmethane .  Determination  of  the  niimber  of  acetyl  groups  in  the  acetyl 
derivative  yields  results  that  indicate  the  presence  of  2  acetoxy  groups,  while 
the  results  of  combustion  analysis  agree  with  the  structure  ('XIIl). 

Out  new  researches  have,  therefore,  fully  confirmed  that  3^3' -dime thoxy- 
benzaurln  (XIl)  is  acetylated  in  the  usual  manner  for  fuchsone  compounds,  yield¬ 
ing  the  acetyl  derivative  of  an  acetoxytriphenylcarbinol  structure  (XIIl).  We 
were  able  to  show  that  a  product  of  similar  structure  and  properties  is  formed 
when  rubrocQl  (XIV)  is  acetylated.  The  resulting  acetyl  derivative  crystal¬ 
lizes  from  alcohol  as  colorless  crystals  with  a  m.p.  of  I56-I58” .  It  is  also 
readily  and  quantitatively  saponified  by  acids  and  alkalies,  yielding  salts  of 
the  original  rubrocol.  It  is  reduced  when  heated  with  zinc  in  acetic  acid, 
yielding  an  acetyl  derivative  of  leucorubrocol.  Determination  of  the  acetyl 
groups  and  the  ultimate  analysis  demonstrated  that  our  acetylation  product  of 
rubrocol  doubtless  has  the  structure  of  the  acetoxytriphenylcarbinol  deriva¬ 
tive  (XIY)s  (see  Scheme  4,  following  page). 

But,  as  we  have  said,  Postovsky  and  Eidlin  secured  an  altogether  different 
product,  with  a  m.p,  of  206-208®,  when  they  acetylated  rubrocol,  which  did  not 
yield  the  original  dye  upon  saponification.  We  deliberately  acetylated  the 
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rubrocol  under  conditions  that  were  different  from  those  employed  by  Postovsky 
and  Eidlino  Having  found  that  acetylating  the  free  dye  yielded  amorphous  sub¬ 
stances  from  which  they  were  unable  to  crystallize  individual  substances,  these 
researchers  acetylated  the  hydrochloride  of  the  dye.  They  found  that  their 
acetyl  derivative  with  a  m.p.  of  206-208*  was  formed  only  when  hydrogen  chlor¬ 
ide  was  present,  and,  as  the  authors  say  (p.  151)5  "this  substance  became  the 
principal  reaction  product  when  acetylation  was  done  with  acetyl  chloride,  i.e., 
in  a  medium  having  an  excess  of  hydrogen  chloride." 

Our  experiments  have'  confirmed  this  observation.  But  at  the  same  time  we 
noted  that  when  rubrocol  was  acetylated  under  any  conditions  whatsoever,  the 
crude  reaction  product,  which  was  precipitated  in  a  colorless,  though  amorphous, 
form  when  the  acetylated  mixture  was  diluted  with  water,  turned  the  characteris¬ 
tic  violet  of  alkaline  salts  of  rubrocol  when  it  was  acted  upon  by  an  alkali. 

This  indicates  that  the  acetylation  of  rubrocol  also  yields  the  products  of  the 
usual  fuchsone  reaction,  which  are  reconverted  into  the  original  dye  by  saponi¬ 
fication.  When  it  is  acetylated  under  conditions  in  which  the  reaction  medium 
contains-  hydrogen  chloride,  the  yield  of  these  products  is  low,  so  that  we  de¬ 
cided  to  carry  out  the  reaction  under  conditions  that  would  exclude  the  presence 
of  hydrogen  chloride  altogether  in  order  to  secure  these  very  acetylation  pro¬ 
ducts,  acetylating  free  rubrocol  with  acetic  anhydride  and  anhydrous  sodium 
acetate^  The  resulting  crude  acetylation  product  actually  was  an  amorphous 
precipitate  with  an  extremely  low  melting  point,  melting  even  in  hot  water  and 
turning  into  a  tacky,  tarry  mass.  Direct  crystallization  of  such  a  product  was 
unsuccessful.  But  treating  this  substance  with  ether  washed  out  the  impurities 
that  blocked  crystallization.  The  residual  light-gray  powder,  which  was  spar¬ 
ingly  soluble  in  ether  and  melted  above  100°,  crystallized  readily  from  alcohol, 
Using  this  method  of  purification,  we  were  able  to  secure  the  acetyl  derivative 
(XV)  described  above,  as  crystals  with  the  constant  m.p.  of  156-158°,  the  yield 
exceeding  60^  of  the  theoretical. 

In  seeking  methods  of  purifying  this  substance,  we  noticed  that  the  crude 
acetylation  product  of  rubrocol,  precipitated  directly  when  the  acetylating 
mixture  was  diluted  with  water,  was  ifej:y  highly  soluble  in  ether,  even  in  a 
minute  quantity  of  the  latter.  But  when  the  filtered  ether  solution  stood  for 
a  long  time  or  —  better  yet  -  when  it  was  evaporated,  a  light  precipitate  settled 
out,  which  was  only  sparingly  soluble  in  ether  and  could  be  readily  l ^crystal¬ 
lized  from  alcohol.  This  observation  enabled  us  to  employ  still  another  variant 
of  isolating  the  rubrocol  acetylation  product,  which  was  simpler  to  carry  out 
and  gave  us  even  higher  yields  of  the  reaction  end  product. 

Our  investigations  have  therefore  shown  that,  contrary  to  what  Postovsky 
and  Eldlin  thought,  rubrocol  is  acetylated  in  the  usual  manner  for  fuchsone 
compounds,  yielding  an  acetoxytriphenylcarbinol  derivative  (XV),  which  is  recon¬ 
verted  into  a  salt  of  the  original  dye  by  saponification  with  an  acid  of  an 
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alkali.  We  also  that  acetylation  in  the  presence  of  hydrogen  chloride 

causes  the  reaction  to  follow  two  paths,  finally  resulting  in  the  formation 
of  two  substances,  the  quantitative  proportions  of  which  depend  upon  the  reac¬ 
tion  conditions,  chiefly  the  percentage  of  hydrogen  chloride  present.  Along¬ 
side  the  normal  acetylation  product  with  a  mop.  of  I56-I58*  (XV),  there  is 
formed  the  substance  described  by  Postovsky  and  Eldlin,  with  a  m.p.  of  206-208®, 
which  is  not  reconverted  into  the  original  rubrocol  by  saponification.  These 
two  substances  have  different  solubilities  in  alcoholj  this  fact  may  be  employed 
in  their  separation. 

We  have  found  that  the  reaction  with  5^5’ -dimethoxybenzaurin  (XIl)  is  sim¬ 
ilar.  When  this  dye  is  acetylated  in  the  presence  of  hydrogen  chloride,  there 
is  formed  -  in  addition  to  the  acetylation  product  described  above,  with  a  m.p, 
of  136-158°,  which  follows  the  path  that  is  customary  for  the  fuchsones  and  is 
reconverted  into  the  original  dye  by  saponification  —  a  smaller  quantity  of 
some  other  substance  that  is  much  less  soluble  in  alcohol,  crystallizes  from 
alcohol  as  colorless  crystals  with  a  m.p.  of  229-232°,  and  does  not  yield  the 
original  dye  when  saponified,  but  another,  colorless  substance  that  melts  at 
199“-201°  after  first  turning  green. 

What  are  the  substances  secured  in  the  acetylation  of  hydroxyfuchsone  dyes 
that  are  not  reconverted  by  saponification  into  the  original  dyes? 

When  these  substances  are  acetylated  they  yield  only  metho.xyfuchsone  dyes, 
and  the  acetylating  mixture  has  to  contain  hydrogen  chloride.  As  Postovsky  and 
Eidlln  have  stated  and  as  our  experiments  have  confirmed,  hydroxyfuchsone  dyes 
that  do  not  contain  a  methoxy  group  yield  nothing  but  the  acetylation  product^' 
that  are  normal  for  the  fuchsones  no  matter  what  the  reaction  conditions.  But, 
as  we  have  shown  [1],  when  methoxyfuchsone  dyes  are  heated  with  mineral  acids, 
they  undergo  specific  transformations  that  result  in  the  irreversible  formation 
of  isomeric  hydroxy  compounds,  which  apparently  possess  a  mesophenylfl.uorene 
•structure.  When  3^3' -dlmethoxybenzaurin  is  heated  with  hydrochloric  acid,  f or 
instance,  a  colorless  substance  of  the  same  empirical  composition,  melting  at 
199-201°  after  first  turning  green,  is  formed)  correspondingly,  the  mixture  of 
products  of  the  acid  transformations  of  rubrocol  yield  a  colorless  substance 
that  fuses  at  238-240°  after  first  turning  green. 

But  these  are  precisely  the  substances  secured  by  saponifying  the  "anonu- 
alous  products"  of  acetylating  3>3' -dimethoxybenzaurin  and  rubrocol.  On  the 
other  hand,  when  the  products  of  the  acid  isomerization  of  these  dyes  described 
previously  [1]  are  acetylated,  substances  are  formed  that  are  the  same  as  the 
substances  described  above,  secured  when  these  dyes  are  acetylated  in  the 
presence  of  hydrogen  chloride.  This  indicates  that  the  substance  with  a  m.p, 
of  206-208°,  synthesized  by  Postovsky  and  Eidlln  when  they  acetylated  rubrocol 
in  the  presence  of  hydrogen  chloride,  and  the  substance  with  a  m.p,  of  229-232* 
thfit  we  secured  when  we  acetylated  3^3' -dimethoxybenzaurin  under  similar  condi¬ 
tions  are  not  products  of  the  direct  acetylation  of  the  original  dyes,  but  are 
formed  in  the  acetylating  medium  as  the  result  of  a  preliminary  acidic  isomeri¬ 
zation  of  these  dyes  by  the  hydrogen  chloride,  followed  by  the  acetylation  of 
tne  colorless  hydroxy  compounds,  produced  by  this  isomerization.  As  has  been 
pointed  out  in  our  previous  report  [1],  it  is  most  probable  that  the  latter  com¬ 
pounds  have  a  mesophenylfluorene  structure.  We  therefore  believe  that  these  sub¬ 
stances  with  m.p.  of  206-208°  and  229-232°  have  the  following  structures:  (XVl) 
for  the  first,  and  (XVIl)  or  (XVIIl)  for  the  second:  (see  Scheme  following 
page). 

This  conclusion  contradicts  the  arguments  advanced  by  Postovsky  and  Eidlin 
[‘7’],  The  latter  authors  assumed  that  the  substance  with  a  m.p.  of  206-208° 
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that  they  had  secured  by  acetylating  rubrocol  in  the  presence  of  hydrogen  chlor¬ 
ide  was  a  dimer  of  the  free  radical  (XIX) ,  with  a  so-called  Chichibabin  struc¬ 
ture  of  the benziydrylte traphenylme thane  type. 
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The  arguments  cited  by  Postovsky  and  Eidlin  in  support  of  their  conclusions 
are  unconvincing.  One  of  their  arguments  is  based  upon  the  circumstance  that 
the  substance  with  a  m.p.  of  206-208“  they  had  secured  from  rubrocol  exhibited 
no  active  hydrogen  in  a  Tserevitinov-Chugaev  reaction.  On  the  other  hand,  this 
substance  remains  unchanged  during  reduction,  whereas  the  reduction  of  acetoxy- 
triphenylcarbinols  converts  them  into  acetoxytriphenylme thane  derivatives. 

We  can  corroborate  these  observations.  Nor  does  the  substance  with  a  m.p. 
of  229-252®  that  we  secured  by  acetylating  5^3' -dimethoxybenzaurin  in  the  pres¬ 
ence  of  hydrogen  chloride  manifest  any  active  hydrogen,  and  it,  too,  remains  un¬ 
changed  during  reduction.  Yet  these  properties,  while  they  do  show  that  these 
substances  are  not  derivatives  of  acetoxytrlphenylcarbinol,  still  do  not  prove 
that  they  are  dimers  of  Type  (XIX)  free  radicals.  The  acetoxymesophenylfluor- 
enes  (XVI)  and  (XVIl)  or  (XVIIl)  must  also  possess  these  properties. 

Nor  is  the  argument  based  on  molecular  weight  determinations  convincing. 

The  authors  themselves  do  not  give  quantitative  data,  but  confine  themselves 
to  the  assertion  (p.  15^)  that  "no  constant  values  were  obtained  in  determining 
the  molecular  weight  in  camphor,  by  the  Past  method j  in  most  of  the  cases  the 
results  were  lower  than  those  calculated  for  the  dimer,  though  considerably  higher 
than  those  for  the  monomer.  Apparently,  dissociation  occurred..."  Precise  re¬ 
sults  could  not  have  been  expected,  however,  when  the  molecular  weight  of  such 
substances  was  determined  by  the  Past  method.  We  measured  [1]  the  molecular 
weight  of  the  acidic  Isomerization  products  of  methoxyfuchsone  compounds  we  had 
synthesized  and  of  their  acetyl  derivatives  cryoscopically,  securing  results 
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that  clearly  dr.monstra.tcd  the  monomeric  composition  of  these  substances. 

The  combustion  results  cited  by  Postovsky  and  Eidlin  are  completely  unex¬ 
pected.  in  computing  the  elementary  ccmposltlcn  of  the  substance  with  a  m.p. 
of  that  they  had  secured  by  acetylating  rubrocol  and  then  saponifying 

the  acetyl  derivative,  they  assumed  (p.  15'?)  that  this  substance  had  the  empir¬ 
ical  formula  of  (C22n?i0e)2»  The  empirical  formula  of  rubrocol  is 
however.  In  other  words,  when  they  acetyl.ated  rubrocol  and  then  saponified  the 
acetyl  derivative  (without  any  reducing  agent  present)),  they  secured  a  substance 
that  was  allegedly  richer  in  hydrogen.  As  we  see  it,  this  substance  is  merely 
a  product  of  the  isomerization  of  rubrocol  and  has  the  same  empirical  formula 
C22H2o06»  Th.e  analysis  results  are  equivalent  to  the  formula  or  that 

of  C22H2o0ejr  within  the  limits  of  experimental  error. 

The  j-eason  for  the  foregoing  becomes  clear  when  we  analyze  the  mechanism 
for  the  formation  of  the  hypothetical  dimer  of  the  free  radical  (XIX)  advanced 
by  Postovsky  and  Eidlin  [v].  According  to  them,  in  one  of  rubrocol' s  mesomeric 
forms,  illustrated  by  them  schematically  (p.  I5I)  by  the  formula  (XX) ,  it  reacts 
with  acetic  anhydride,  adding  acetyl  radicals  to  the  negatively  charged  oxygen 
atoms  and  being  converted  into  a  hexaphenyle thane  derivative  (XXl),  which  dis¬ 
sociates  to  yield  the  free  radical  (XIX) ,  They  represent  these  transformations 
by  the  following  diagram  (p.  I52): 


(XXI)  (XIX) 


As  Postovsky  and  Eidlin  see  it,  the  resulting  free  radical  is  dimerized  by 
the  hydrogen  chloride,  yielding  a  substance  whos^  structure  is  that  of  a  Chichl- 
babin  compound.  They  consider  the  substance  with  a  m.p.  of  206-208*  that  they 
secirred  when  they  acetylated  rubrocol  to  be  a  substance  of  that  kind. 

The  diagram  proposed  by 'Postovsky  and  Eidlin  places  us  in  a  quandry,  how¬ 
ever.  As  we  see  from  the  diagram,  two  acetyl  radicals  of  acetic  anhydride  are 
added  to  2  molecules  of  fuchsone.  But  what  does  the  anhydride's  oxygen  atom 
atutach  itself  to  then?  For  the  authors  stress  (p,  151)  that  they  carried  out 
the  acetylation  reaction  without  any  reducing  agent  present.  Nor  is  it  difficult 
to  realize  that  neither  the  hexaphenylethane  derivative  (XXl)  nor  the  free  rad¬ 
ical  (XIX)  c^n  be  formed  when  acetyl  chloride  is  used  as  the  acetylating  agent, 
so  that  the  formation  of  the  benzhydryltetraphenyl methane  derivative  is  likewise 
out  of  the  question. 

It  follows  from  the  foregoing  that  the  assertions  of  Postovsky  and  Eidlin 
regarding  the  course  of  the  Interaction  of  rubrocol  with  acetylating  agones  and 
the  structure  of  the  resultant  substances  cannot  be  regarded  as  well-founded. 

Our  researches  lead  us  to  conclude  that  methoxyfu.chsone  dyes  are  also  acetyl 
ated  in  the  manner  that  is  typical  of  fuchsone  compounds,  yielding  acetyl  deriva.- 
tlves  with  an  acetoxytrlphenylcarbinol  structure  that  are  reconverted  into  the 
original  dye  by  saponification.  Acetylation  of  the  same  dyes  with  hydi'ogen 
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chloride  present  in  the  reaction  medium  results  in  an  irreversible  acidic  iso¬ 
merization  to  colorless  hydroxy  compounds  that  is  characteristic  of  these  dyes, 
with,  most  likely,  a  mesophenylfluorene  structure.  These  latter  hydroxy  com¬ 
pounds  are  acetylated  in  a  secondary  reaction,  yielding  acetyl  derivatives  that 
are  not  reconverted  into  the  original  dyes  by  saponification,  of  course,  but  in¬ 
to  colqrless  products  of  the  acidic  isomerization  of  the  latter. 

EXPERIMENTAL 

I.  Acetylation  of  -Dimethoxybenzaurin  by  Acetic  Anhydride 

Synthesis,  recovery,  and  purification  of  the  acetylation  product.  16.7  g 
of  5^ 3 ' -dimethoxybenzaurln  was  dissolved  in  100  ml  of  acetic  anhydride  in  a  5OO- 
ml  flask  fitted  with  a  reflux  condenser  and  a  dropping  funnel.  20  g  of  anhyd¬ 
rous  sodium  acetate  was  added  to  the  solution,  and  the  resulting  suspension  was 
boiled  for  6  hours,  the  solution  turning  light-yellow  and  remaining  that  color 
throughout  the  boiling  period.^  Then  40  ml  of  water  was  cautiously  added  to  the 
solution  a  drop  at  a  time,  while  boiling  continued,  in  order  to  decompose  the 
acetic  anhydride  and  dissolve  the  sodium  acetate.  The  resultant  solution  was 
poured  into  1  liter  of  hot  water,  the  reaction  product  settling  as  a  tacky,  vis¬ 
cous  mass,  which  was  separated  out  and  washed  repeatedly  with  water.  The  reac¬ 
tion  product  solidified  into  a  grayish* yellow  lump  upon  cooling.  This  lump  was 
dissolved  in  100  ml  of  hot  alcohol  to  secure  the  acetylation  product  in  the  pure 
state.  After  the  solution  had  cooled  and  had  been  allowed  to  stand  for  a  long 
time,  the  crystals  of  the  acetyl  derivative  began  to  settle  out,  finally  yield¬ 
ing  a  yellow  paste  that  was  hard  to  stir.  Filtration  left  on  the  filter  a  light- 
gray  powder,  the  filtrate  being  colored  a  rich  brownish  yellow.  When  this. fil¬ 
trate  was  diluted,  a  small  quantity  of  a  tarry  brown  mass,  mainly  cpnslstir' 
ing  of  the  reaction  by-products,  settled  out.  The  abundant  precipitate  on  the 
filter  was  washed  2  or  3  times  with  10-ml  batches  of  alcohol;  this  lightened tiie 
color  of  the  precipitate,  while  the  wash  solutions  likewise  grew  lighter  in 
color.  The  resultant  reaction  product  was  then  dried;  it  was  a  light-gray, 
nearly  white,  powder,  with  a  m.p.  of  120-125°.  Its  yield  was  l4  g,  or  about 
65^  of  the  theoretical.  Several  recrystallizations  from  alcohol  yielded  wholly  i 

colorless  crystals  with  a  constant  m.p.  of  136-138*. 

-Properties  of  the  acetylation  product.  The  acetylation  product  is  insoluble 
in  water,  sparingly  soluble  in  ether;  slightly  soluble  in  cold  alcohol,  very 
readily  soluble  in  hot  alcohol,  and  freely  soluble  in  glacial  acetic  acid.  It 
crystallizes  from  alcohol  as  colorless  crystals  with  a  m.p.  of  136-138°.  When 
an  ether  solution  is  slowly  evaporated,  it  settles  out  as  fine  needles  with  the 
same  melting  point.  Its  solutions  in  all  organic  solvents  are  colorless,  re¬ 
maining  so  even  when  heated  for  a  long  time.  When  an  aqueous  suspension  of  the 
substance  is  heated  with  mineral  acids,  the  precipitate  turns  violet,  the  solu¬ 
tion  turning  the  same  color.  When  an  aqueous  suspension  of  the  substance  is 
treated  with  an  alkali,  it  dissolves  (solution  occurring  more  quickly  when  heated), 
the  solution  being  colored  blue, 

Saponification  is  accelerated  when  an  alcoholic  solution  of  the  "acetyl  de¬ 
rivative  is  employed.  When  aqueous  alkali  was  added  to  such  a  solution,  it  _ 
first  turned  cloudy,  but  the  subsequent  precipitate  rapidly  dissolved,  the  solu¬ 
tion  turning  blue,  as  stated  above,  when  heated.  When  an  aqueous -alcoholic  solu¬ 
tion  was  heated,  saponification  took  place  in  a  few  minutes. 

The  appearance  of  the  solution  remained  unchanged  when ‘the  acetyl  deriva¬ 
tive  was  dissolved  in  acetic  acid  and  boiled  for  a  long  time,  but  the  precipi¬ 
tate  thrown  down  when  the  filtered  solution  was  diluted  no  longer  was  colored  by 
the  addition  of  acids  or  alkalies.  When  heated  with  alkalies,  it  entered 
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solution^  the  Fjolution  rema,lning  colorless. 

0.1204  g  substances  0.305?  g  COg^  0.06l2  g  H2O.  0.1264  g  substance: 

0.3203  g  CO2I  0.0643  g  H2O.  Found  ^3  C  69.10,  69. 06)  H  5.65,  5.68. 

CP5H24O7.  Computed  ^s  C  68.8I5  H  5«5o 

Preliminary  saponification  of  the  substance  with  alkali,  followed  by  addi¬ 
tion  of  sulfuric  acid,  proved  to  be  more  convenient  for  the  quantitative  determ¬ 
ination  of  the  number  of  acetyl  groups  it  contained.  A  weighed  sample  of  the 
substance  was  heated  with  4  ml  of  5^  sodium  hydroxide,  after  which  10  ml  of  10^ 
sulfuric  acid  was  added  and  the  acetic  acid  was  driven  off  with  steam,  0.5  liter 
of  the  distillate  being  taken  for  titration. 

0.2604  g  substances  12.10  ml  0.1  N  NaOH.  0.2182  g  substance:  9080  ml 

0.1  N  NaOH.  Found  ^s  CH3CO  groups:  19.88,  I9.32. 

02iHi805(CH3C0)p,  Computed  ^s  CH3CO  groups  19.72. 

Determination  of  the  hydroxyfuchsone  dye.  O.0436  g  of  the  substance  was 
dissolved  in  10  ml  of  alcohol,  and  10  ml  of  1^  sodium  hydroxide  was  added,  after 
which  the  mixture  was  heated  for  1  hour  over  a  water  bath.  The  resulting  solu¬ 
tion  was  placed  in  a  measuring  flask,  and  distilled  water  was  added  until  the 
total  volume  was  1  liter.  At  the  same  time  a  standard  solution  was  prepared  by 
dissolving  0.033^  g  of  3^3'-dimethoxybenzaiLrin  in  1  liter  of  0.01^  sodium  hydrox¬ 
ide.  Colorimetric  comparison  indicated  that  the  color  intensity  of  the  standard 
and  test  solutions  was  exactly  alike. 


Acetylation  of  3»3* -Dlmethoxybenzaurln  by  Acetyl  Chloride 


Synthesis,  separation,  and  purification  of  the  reaction  products.  9-5  g 
of  3^.3* -f^iniethoxybenzaurin  hydrochloride  was  placed  in  a  flask  fitted  with  a  re¬ 
flux  condenser,  and  a  mixture  of  40  g  of  acetic  anhydride  and  20  g  of  acetyl 
chloride  was  added.  The  dye  dissolved  partially,  turning  the  solution  the  crim¬ 
son  color  that  is  typical  of  the  onium  salt.  The  resulting  suspension  was  boiled 
until  all  the  dye  dissolved  and  the  color  vanished.  The  reaction  was  accompanied 
by  the  evolution  of  hydrogen  chloride  gas.  The  final  solution  was  transparent 
and  light-yellow.  It  was  poured  into  0.5  liter  of  water,  and  the  mixture  was 
stirred  until  all  the  acetic  anhydride  and  acetyl  chloride  had  been  decomposed. 
This  yielded  a  low-fusible  mass  that  solidified  when  cooled.  The  mass  was  fil¬ 
tered  out,  washed  repeatedly  with  water,  and  pulverized  in  a  mortar,  the  result¬ 
ing  powder  being  rewashed  with  water  and  filtered.  The  crude  reaction  product 
dissolved  readily  and  completely  in  hot  alcohol.  When  alkali  was  added  to  a  .  = 

drop  of  the  alcoholic  solution,  it  turned  blue,  the  color  of  an  alkaline  solu¬ 
tion  of  3ji 3‘ -dimethoxybenzaurin. 


The  whole  of  the  acetylation  product  was  dissolved  in  50  ml,  of  alcohol  h 
heated  to  the  boiling  point.  As  the  solution  cooled,  a  light-gray  powder 
settled  out|  it  was  filtered  out,  squeezed  out  well  on  the  filter,  and  washed 
twice  with  10  ml  batches  of  alcohol.  The  resultant  precipitate  was  no  longer 
fully  soluble  in  hot  alcoholj  when  this  precipitate  was  boiled  with  50  ml  of 
alcohol,  a  small  quantity  of  a  colorless  precipitate  remained,  which  was  filtered 
out.  It  weighed  about  1  g  after  drying.  M.p.  200-205°.  It  dissolved  with  dif¬ 
ficulty  in  hot  alcohol  and  was  recovered  as  colorless  crystalline  needles  with 
a  m.p.  of  229-232°  by  recrystallization  from  the  alcohol-  When  this  substance 
was  boiled  with  alkali,  it  dissolved,  yielding  a  colorless  solution.  This  may 
be  employed  as  a  test  for  determining  the  purity  of  the  substance.  The  appear¬ 
ance  of  even  a  pale  light-blue  color  when  the  substance  is  heated  with  alkali 
is  an  Indication  that  a  trace  of  the  normal  acetylation  products  is  present  and 
proves  that  further  recrystallization  is  needed.  All  the  properties  of  the 
resultant  compound  and  of  the  acetylation  product  of  the  substance  formed  dixring 


14^^7 


during  the  acidic  isomerization  of  3,3' -dimethoxybenzaurin  and  described  in  our 
preceding  paper  [i]  are  alike.  A  mixture  of  the  two  likewise  fused  at  229-232°. 

When  the  filtrates  were  chilled  for  a  long  time,  a  different  substance  _ 
settled  out,  which  yielded  a  blue  color  when  dissolved  in  alkali.  Several  re¬ 
crystallizations  yielded  3-^  g  of  this  substance  as  colorless  crystals  that  had 
a  sharp  melting  point  at  136-138°.  A  mixture  of  this  substance  with  the  product’ 
of  the  normal  acetylation  of  3^3' -dimethoxybenzaurin  described  above  had  the  same  m.  p. 

Comparison  of  the  properties  of  the  reaction  products.  The  crystalline  sub¬ 
stance  with  m.p.  136-138°  is  rapidly  saponified  when  heated  with  aqueous 1  alkali, 
dissolving  and  turning  the  solutionTbluej  the  substance  with  a  m.p.  of  229-232°  is 
saponified  much  more  slowly  by  aqueous  alkali,  the  solution  remaining  colorless. 

The  substance  with  m.p.  of  130-138°  dissolves  very  readily  in  hot  alcohoT  and  crys¬ 
tallizes  from  small  volumes  of  this  solvent j  the  substance  with  a  m.p.  of  229-232 
is  sparingly  soluble  even  in  boiling  alcohol,  and  large  quantities  of  the  solvent 
are  required  for  its  crystallization.  The  substance  with  a  m.p.  of  136-138°  turns 
violet  when  heated  with  10^  hydrochloric  acid,  -the  solution  turning  crimson;  the 
substance  with  m.p.  of  229-232°  is  unchanged  when  heated  with  hydrochloric  acid. 

III.  Acetylaction  of  3t3' -Trimethoxyaurin  (Rubrocol)  By  Acetic  Anhydride 

Synthesis,  recovery,  and  purification  of  the  reaction  product.  19  g  of 
free  rubrocol,  20  g  of  anhydrous  sodium  acetate,  and  100  ml  of  acetic  anhydride 
were  placed  in  a  500-ml  flask  fitted  with  a  reflux  condenser  and  a  dropping 
funnel.  The  resulting  suspension  was  boiled  for  6  Ik^uts,  after  which  40  ml  of 
water  was  cautiously  added  drop  by  drop,  without  interrupting  the  boiling,  and 
the  acetic-acid  solution  was  poured  into  O.5  liter  of  water.  This  threw  down 
a  low-fusible  precipitate,  which  solidified  into  a  tacky,  resinous  mass  upon 
cooling!  the  latter  was  separated  from  the  solution,  washed  several  times  with 
warm  water,  and  dried.  The  reaction  product  was  then  \  triturated  in  a  mortar 
with  50  ml  of  ether.  The  mass,  which  was  tacky  at  first,  gradually  turned  into 
a  light-gray  powder  that  was  sparingly  soluble  in  ether;  as  the  latter  dissolved 
the  impurities,  it  turned  brownish-yellow.  The  precipitate  became  nearly  color¬ 
less  after  it  was  filtered  out  of  the  ether  and  washed  on  the  filter  with  the 
same  solvent.  It  had  a  melting  point  of  105-115°  after  drying  and  weighed  about 
16  g  (60^  of  the  theoretical). 

In  another  variant,  the  reaction  mixture  was  chilled  and  poured  into  a  1- 
liter  separatory  funnel  immediately  after  it  had  been  produced  by  acetylation 
and  decomposition  of  the  acetic  anhydride  by  water.  0.5  liter  of  water  was  - 
added,  and  the  whole  was  chilled  and  then  agitated  with  ether  until  the  tarry 
product  thrown  down  when  the  mixture  was  diluted  with  water  dissolved  in  the 
ether  completely.  The  ether  layer  was  removed,  washed  with  water,  and  filtered 
(all  these  operations  must  be  done  quickly) .  The  filtered  solution  (about  100 
ml  of  ether)  was  allowed  to  stand  in  a  dish  until  all  the  ether  had  been  elim¬ 
inated.  A  light-gray  precipitate  was  left,  which  was  pulverized,  wetted  with 
ether,  and  filtered  to  separate  it  from  the  yellow  ether  mother  liquor.  Washing 
it  on  the  filter  with  ether  yielded  a  light  precipitate,  which  was  dried. 

Weight:  about  18  g. 

By  now  the  reaction  product  crystallized  satisfactorily  from  alcohol,  no 
matter  how  it  was  recovered.  Repeated  recrystallization  yielded  wholly  color¬ 
less  crystals  with  a  constant  m.p.  of  158°. 

*  Properties  of  the  acetylation  product.  It  is  insoluble  in  water,  very 
sparingly  soluble  in  ether,  somewhat  more  soluble  in  cold  alcohol,  and  readily 
soluble  in  hot  alcohol,  crystallizing  from  the  latter  as  colorless  crystals  with 
a  m.p.  of  156-158°.  It  is  soluble  in  benzene  and  in  acetic  acid.  The  solutions 
in  organic  solvents  remain  colorless  when  boiled.  The  substance  is  readily 
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saponified  by  mineral  acids  and  by  alkalies^  being  most  rapidly  saponified  in 
alcoholic  solutions «  When  hydrochloric  acid  is  added  to  the  latter,  the  solu¬ 
tion  turns  violet,  the  color  that  is  characteristic^of  an  onium  salt  of  rubro- 
col,*  Saponification  is  quantitative  when  the  reaction  with  alkali  is  carried 
out  in  an  alcoholic  solutiono  When  the  substance  is  boiled  for  a  long  time  with 
zinc  in  acetic  acid,  It  is  reduced}  the  product*  secured  when  the  filtered  solu¬ 
tion  is  diluted  is  no  longer  colored  by  the  addition  of  a  mineral  acid  or  an 
alkali. 

O0I319  g  substance:  0.3121  g  C02j  O.O696  g  HgO.  O.O861  g  substance; 

0.2029  g  COs}  0.0439  g  H2O.  Found  C  64.55,  64,26}  H  5. 90,  5.68, 

OssHssOio-  Computed  C  64,1.2}  H  5‘3^>'  0,2624  g  substance:  I5.I  ml 

0,1  N  NaOH.  0.2650  g  substance;  1.5«2  ml  0.1  N  NaOH.  Found  CH3CO 

groups  24.74,  24.36.  CP2H19O7 (011300)3.  Computed  CH3CO  groups  24.62. 

Determination  of  the  dye.  0.0524  g  of  the  substance-  was  dissolved  in  10 
ml  of  alcohol,  and  10  ml  of  1^  sodium  hydroxide  was  added  to  the  solution,  af¬ 
ter  which  the  mixture  was  heated  for  one  hour  over  a  water  bath.  The  resultant 
solution  was  brought  up  to  one  liter  in  a  measioring  flask  by  adding  distilled 
water.  At  the  same  time  0,0380  g  of  rubrocol  was  dissolved  in  1  liter  of  0,01^ 
sodium  hydroxide.  Comparison  in  a  colorimeter  indicated  that  the  colors  of 
the  test  and  the  standard  solutions  had  the  same  intensity. 

IV.  Acetylation  of  3 >3S3'' "Trimethoxyaurin  by  Acetyl  Chloride 

Synthesis,  separation,  and  purification  of  the  reaction  products.  10  g  of 
rubrocol  hydrochloride,  40  g  of  acetic  anhydride,  and  20  g  of  acetyl  chloride 
were  placed  in  a  flask  fitted  with  a  reflux  condenser.  The  solution  turned  vio¬ 
let.  The  resulting  suspension  was  boiled  until  all  the  deposit  dissolved  and 
the  violet  color  disappeared.  The  resulting  yellow  solution  was  poirred  into  > 

0.5  liter  of  water  and  stirred  until  all  the  acetic  anhydride  and  acetyl  chlor¬ 
ide  decomposed,  the  reaction  product  settling  out  as  a  light-yellow  powder,  which 
was  beaten  into  a  tacky  lump.  The  latter  was  separated  from  the  solution  and 
washed  several  times  with  warm  water.  The  resultant  substance  was  readily  sol¬ 
uble  in  warm  alcohol.  When  a  drop  of  its  alcoholic  solution  was  placed  in  a 
sodium  hydroxide  solution,  it  turned  the  latter  an  intense  violet.  The  crude  re¬ 
action  product  was  crystallized  from  5®  of  hot  alcohol.  As  thelattep  cooled, 
a  crystalline  colorless  precipitate  settled  out,  which  was  converted  into  a 
violet  solution  by  processing  with  alkali.  Only  after  several  recrystalliza¬ 
tions  from  alcohol  did  we  secure  crystals  that  did  not  yield  colored  solutions 
when  heated  with  alkali;  they  had  a  constant  m.p.  of  206-208®,  and  their  yield 
was  4  g„ 

When  the  basic  mother  liquor  was  allowed  to  stand  for  a  long  time,  a  crys¬ 
talline  precipitate  settled  out}  it  was  filtered  out  and  recrystallized  repeat¬ 
edly  from  alcohol,  after  which  it  had  a  sharp  m.p.  at  156-I58®.  A  mixture  of 
this  substance  with  the  rubrocol  acetylation  product  described  above  also  fused 
at  156-158°.  The  yield  of  the  crystalline  product  was  about  1  g. 

Comparison  of  the  synthesized  substances.  The  properties  of  the  substance 
with  a  m.p.  of  206-208*  are  the  same  as  those  of  the  substance  described  by 
Postovsky  and  Eidlin.  It  is  practically  unaffected  by  heating  with  mineral 
acids,  while  it  dissolves  when  boiled  with  an  aqueous,  or,  better  yet,  an  aque¬ 
ous-alcoholic  alkali,  the  solution  remaining  colorless;  the  substance  with  a 
m.p,  of  156-158°  is  saponified  much  more  easily,  yielding  (as  has  been  said) 
solutions  that  exhibit  the  colors  of  rubrocol  salts.  The  substance  with  a  m.p. 
of  206-208°  is  much  less  soluble: in  alcohol  than  the  substance  with  a  m.p.  of 
1^6-158°.’  'The  substance  with  a  m.p.  of  206-208°  proved- to  be  the  same  ..sub-, 
stance  as  the  one  secured  by  acetylating  the  product  of  the  acidic  isomerization 
of  rubrocol  described  previously  [1]. 

*Heatiiig  with  alkali  yields  the  violet  solution  that  is  characteristic  of  alkaline  salts  of  rubroeol. 
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SUMMARY 


Contrary  to  the  notions  advanced  by  Rostovsky  and  Eidlin  [t],  hydroxy- 
fuchsone  dyes  that  contain  methoxy  groups  at  the  ortho  position  to  the  hydroxy 
or  0X0  groups  are  acetylated  in  the  manner  that  is  usual  for  hydroxyfuchsones, 
yielding  the  respective  acetoxytriphenylcarbinols. 

2.  When  these  acetyl  derivatives  are  treated  with  mineral  acids  or  alkalies 
they  are  saponified,  yielding  colored  salts  of  the  original  hydroxyfuchsone  dyes 

3.  When  these  methoxyfuchsone  dyes  are  acetylated  in  the  presence  of  hydro¬ 
gen  chloride,  the  reaction  follows  two  courses,  the  relative  rates  depending 
upon  the  amounts  of  hydrogen  chloride  present.  In  one,  the  acetylation  products 
that  are  typical  of  the  fuchsones  are  formed,  which  are  converted  by  saponifica¬ 
tion  into  salts  of  the  original  dyesj  in  the  other,  an  acidic  isomerization  of 
the  original  dyes  [1]  takes  place  in  the  reaction  medium,  followed  by  acetyl}-- 
ation  of  the  hydroxyfluorene  compounds  that  are  apparently  formed.  Saponifica¬ 
tion  of  these  substances  does  not  reconvert  them  into  the  original  dyes,  but 
into  the  indicated  colorless  products  of  their  acidic  Isomerization. 

4.  Rostovsky's  and  Eidlin' s  idea  [7]  that  these  products  of  the  "anomalous 
acetylation"  of  methoxyfuchsone  dyes  are  dimers  of  free  radicals,  with  the 
structure  of  Chichibabin  compounds,  does  not  accord  with  reality. 
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AZO  DYES  PROM  1. 6 AMINONAPHTHOL  AND  SOME  OP  ITS  DERIVAITIVES 
VIII.  RESEARCH  ON  THE  ABSORPTION  SPECTRA  OP  SOME 
INTERMEDIATES  AND  AZO  DYES  OP  THE  NAPHTHALENE  SERIES* 

V.  V.  Perekalin  and  M.  V.  Savostyanova 


In  studying  the  reaction  of  l,5-aniiiioJ3Laphtholsulfo  acids  with  diazo  com¬ 
pounds  we  have  synthesized  a  series  of  azo  dyes.  In  order  to  shed  some  light 
on  the  complicated  picture  of  the  absorption  spectra  of  numerous  azo  dyes  we 
made  a  systematic  investigation  of  the  absorption  spectra  of  a  number  of  com¬ 
pounds  of  the  naphthalene  series  that  contained,  individually  or  in  various 
combinations,  the  substituents  entering  into  the  composition  of  the  azo  dyes 
synthesized  from  1,5-aminonaphtholsulfo  acids..  The  absorption  spectra  of  21 
out  of  the  28  substances  tested  have  been  measured  for  the  first  time,  among 
them  beings  l,5-aminonaphthol5  its  sulfo  acids  (the  2-,  4-,  6-,  'J-,  and  8- 
1,5-aminonaphtholsulfo  acids);  1-benzeneazonaphthalene j  and  the  azo  dyes  secured 
from  1,5-a-minonaphthol  and  the  1,5-aminonaphtholsulfo  acids.  •'  * 

The  immediate  objectives  of  this  research  have  been:  l)  determining  the 
exact  nature  of  the  absorption  spectra,  i.e.,  the  shape  of  the  individual  max¬ 
ima  throughout  a  large  wavelength  range  (from  210  to  6OO  ml^)j  2)  discovering 
wherever  possible  the  relationship  between  the  position  of  all  the  maxima  (not 
only  the  longwave  ones,  as  is  usually  done)  and  the  structure  of  the  substances 
investigated.  We  felt  that  this  job  deserved  doing,  for  in  the  overwhelming 
majority  of  cases  only  the  longwave  maxima  are  considered  in  Investigating  the 
relationships  between  the  nature  of  absorption  and  molecular  structure,  the 
other,  shortwave  maxima  of  the  absorption  spectrum  being  ignored. 

We  know  of  only  isolated  papers  dealing  with  the  relationship  between  the 
structure  of  organic  compounds  and  the  various  absorption  bands  of  their  spec¬ 
tra.  There  is  some  comment  on  this  problem  in  the  papers  by  Hartley  [1],  for 
example.  Then,  as  far  back  as  1910^  A.E.Porai-Koshits  commented  on  the  differ¬ 
ence  between  the  bands  produced  by  general  conjugations  all  along  the  molecule 
and  those  produced  by  partial  conjugated  systems  [2].  The  relationship  between 
the  types  of  absorption  bands  in  the  spectra  of  plane  or  nearly  plane  molecules 
and  the  electron  oscillations  along  mutually  perpendicular  axes  was  established 
much  later  [3].  Research  on  the  relationship  of  the  various  maxima  to  the 
structure  of  the  molecule  is  therefore  still  in  an  embryonic  stage. 

’  1.  Method  of  Investigating  Absorption  Spectra 

All  the  substances  we  investigated  were  first  purified  specially.*"  We 

•  We  wish  to  express  our  gratitude  to  prof.  T. P.Kravets  for  his  permitting  us  to  use  his  instrumrat. 

••The  synthesis  of  these  azo  dyes  will  be  described  in  our  next  report. 

•*•  See  •  following  page. 
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investigated  the  absorption  of  aqueous  and  alcoholic  solutions  of.  neutral  mole¬ 
cules,  as  well  as  of  their  sodium  and  hydrochloric  salts,  dissociated  into  an¬ 
ions  and  cations.  Most  of  the  substances  in  which  we  were  particularly  inter¬ 
ested  (l,5-aminonaphtholj  the  sulfo  acids  of  1,5-aminonaphthol;  and  the  azo 
dyes  derived  from  the  latter)  were  readily  soluble  in  water  as  their  sodium 
salts  and  nearly  insoluble  in  other  solvents  (particularly  non-polar  ones),  so 
that  we  used  water  as  our  solvent.  Whenever  the  compound  under  test  waq  in- _ 
soluble  in  water,  the  latter  was  replaced  by  another  polar  solvent  -  alcohol. 

The  concentrations  of  the  solutions  were  recomputed  as  molar  concentrations,  so. 
that  all  the  measurements  were  made,  as  far  as  possible,  under  identical  con¬ 
ditions.  This  enabled  us  to  make  use  of  comparable  observation  values  with 
some  confidence. 

The  absorption  spectra  were  recorded  by  means  of  photoelectric  photometry, 
using  the  SF-11  quartz  spectrophotometer.  The  optical  density  (dX)  and  the 
molar  extinction  coefficient  (e)**  were  measured  with  an  accuracy  of  a  fraction 
of  one  per  cent  [4].  In  several  organic  compounds  the  width  of  the  absorption 
band  was  a  few  m  U.  With  a  band  of  that  width  the  size  of  the  spectrum  section 
passed  by  the  instrument  (the  effective  width  of  the  slit,  ,  which  has  a 
substantial  effect  upon  the  accuracy  of  determination  of  the  shape  of  the  curve 
and  the  value  of  e  ,  should  be  of  the  order  of  0,1  np..  In  the  instrument  avail¬ 
able  to  us  6X  was  about  1  m^lln  the  500  mii  region.  In  some  instances,  therefore, 
(in  recording  the  spectra  of  1-naphthol,  1-naphthylamine,  1-naphthalenesulfoi  ' . 
acid,  1,5-amlnonaphthol,  the  latter's  sulfo  acids,  and  the  azo  dyes  synthesized 
from  1-naphthol  and  1,5-aminonaphthol),  we  supplemented  this  with  a  photographic 
method,  which  yielded  a  qualitative  picture  of  absorption,  enabling  us  to 
judge  whether  fine  structure  was  present  or  not.  The  width  of  the  fine-struc¬ 
ture  bands  recorded  in  the  photographs  was  such  for  some  substances,  however, 
that  all  these  bands  were  discovered  on  the  curve  plotted  with  the  Instrument 
[5],  provided  the  measurements  were  made  carefully  (at  intervals  of  1  m^l). 

These  comments  justify  oiir  asserting  that  the  Beckmann  Instrument  makes  it  pos¬ 
sible  to  make  measurements  with  a  high  degree  of  accuracy  and  to  solve  the 
problem  we  had  set  ourselves,  with  negligible  errors. 

2.  Description  of  the  Absorption  Spectra 

a)  Intermediates.  As  we  know  from  the  literature  [6,0],  the  absorption 
spectrum  of  naphthalene  (l)  in  the  ultraviolet  (Table  l)  consists  of  three  ab¬ 
sorption  regions.  Region  I  is  simple,  having  one  maximum,***  of  high  intensity. 
Region  II  possesses  a  fine  structure,  with  its  Maximum  II  in  the  longwave  region. 
Region  III  likewise  exhibits  fine -structure  absorption)  the  Maximum  III  of  this 
band  has  very  low  intensity  and  a  very  narrow  absorption  band.***’  In  comparison 
to  naphthalene,  the  position  of  Maximum  I  exhibits  hardly  any  shift  in  the  ab¬ 
sorption  spectra  of  1 -naphthalene sulfo  acid  (ll),  1-naphthol  [a],  and  1-naphthyl¬ 
amine  (iv)  [10]  (Fig.  1  and  Table  l)  [only  in  the  compound  (ll)  is  it  split  into 

*  In  tbe  last  stages  of  purification  of  sone  azo  dye  deriyatiyes  of  the  sulfo  acids  of  1, 5-aninonaphthol 
that  did  not  have  sharp  melting  points,  we  deteniined  the  position  of  their  longwave  maxima,  the  constancy 
of  these  locations  serving  as  an  indication  of  the  purity  of  the  dye.  The  same  purification  method  was 
then  used  for  the  other  dyes. 

**  In  aqueous  solutions  of  some  compounds  (III.  V).  we  observed  a  diange  in  the  shape  of  the  curve  taking 
place  in  the  270-330  mpregion  during  the  measurements  themselves;  this  change^  which  was  manifested  as  a 
redistribution  of  intensity  among  tbe  several  hands  (and  their  componmts  made  it  difficult  to  get  an 
accurate  dete ml nation  of  6.  The 'values  of  e  cited  in  this  paper  are  therefore  merely  rough  approxima¬ 
tions. 

***In  numbering  the  maxima  we  shall  henceforth  number  them  in  the  order  of  increasing  wavelength.  The 
one  with  the  shortest  wavelength  will  be  Maximum  I.  the  next  one  Maximum  II.  etc.  Tbe  letters  Ci.  S2i.. 
are  used  to  denote  the  Intensity  of  the  respective  maxima.  Strictly  speaking,  the  intensity  is  determined 
by  the  area  of  the  Integral  /  e<i  /Ij  ,  but  e  (the  molar  extinction  coefficient)  may  be  taken  as  ap¬ 
proximately  equivalent  to  the  intensity.  The  wavelengths  are  given  in  m^L 
••••  See  following  page. 
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TABLE  1 


No, 

Substance 

Maxima 

I 

II 

III 

X 

e 

X 

e 

X 

e 

1 

Naphthalene  (l)  . . 

220 

-'j' 

0 

1 — 1 

275 

5. 7' 10^ 

319^3 

12.4 

2  ' 

1-Naphthalenesulfo  Acid  (ll) . ...  . 

222  1 
228  1 

4.^- 10^ 

275 

9,5‘103 

320 

2.1-103 

3 

1-Naphthol  (III) . . . 

229 

2,8»10^ 

296 

4. 5^103 

323 

2.5  ao3 

k 

1-Naphthylamlne  (iv)  . 

236 

6  ”10^ 

303 

3.3“103 

325 

2.7*103 

2  adjacent  maxima].  The  position  of  Maximum  II  in  the  spectrum  of  1-naphthalene 
sulfo  acid  does  not  change,  while  it  is  shifted  somewhat  toward  the  visible  re¬ 
gion  in  the  cases  of  1-naphthol  and  1-naphthylamine.  The  position  of  Maximum 
III  remains  the  same  in  all  three  cases.  The  spectra  of  1,5-aniiiionaphthol 
(Fig.  2,  Table  2)  and  of  each  of  its  sulfo  acids  -  the  2-,  4-,  6-,  J-,  and  8- 
sulfo  acids  (VI-X)  (Fig.  3  and  Table  2)  exhibit  2  maxima.  Maximum  I  being  shifted 
slightly  toward  the  visible  region,  and  Maximum  II  being  shifted  somewhat  more 
toward  the  longer  wavelengths;  Maximum  III  was  not  detected  owing  to  the  fusion 
of  the  II  and  III  absorption  bands.  In  the  absorption  spectra  of  the  substances 
tested,  therefore,  the  position  of  the  maximum  at  the  shortest  wavelength.  Max¬ 
imum  I,  remains  approximately  unchanged;  Maximum  II  is  shifted  toward  the  longer 


TABLE  2 


Maxima 

No. 

Substance 

I.  n 

L._.ii 

X  ■ 

_  .e. 

X 

.e 

1 

2 

3 

4 

5 

1.5 - Aminonaphthol  (V)  . . 

1.5 - Aminonaphthol -2 -sulfo  acid  (Vl)  . 

1.5- Aminonaphthol-4-sulfo  acid  (VIl)  .... 

1.5- Amlnonaphthol-6-sulfo  acid  (VIII)  .... 

1.5- Aminonaphthol-7-sulfo  acid  (ix)  . 

227 

233 

233 

232 

232 

1.1- 103 

3.7*10^ 

2.5-10'* 

1.6-10^ 

8.2- 10^ 

315 

340 

330 

340 

l325 

[342 

1.9-10^ 

8.4- 103 
6.5‘103 
1.6-10^ 
1.8-10^ 

1.4- 10- 

wave  lengths  in  the  following  order,  compared  to  naphthalene:  1-naphthol,  1- 
naphthylamine ,  1,5-amlnonaphthol,  and  the  sulfo  acids  of  1,5-aminonaphthol;  and 
Maximum  III,  which  is  present  in- the  absorption  spectra  of  Compounds  (l),  (ll), 
(ill),  and  (IV),  is  not  displaced,  while  it  is  not  visible  in  the  spectra  of  1^5 
aminonaphthol  and  the  latter's  sulfo  acids.  In  every  instance  the  intensity  of 
Maximum  I  is  extremely  high,  while  it  is  much  lower  in  the  second  maxima,  and 
still  lower  in  the  third.  Hence,  the  absorption  spectra  of  the  substances  tested 
have  many  features  in  common  and  retain  the  general  nature  of  absorption  of  the 
naphthalene  molecule. 


npjjg  center  of  grsvltj  of  a  oonplez  aaxlBun  can  be  deteiained  with  sufficient  accuracy  for  Group  ll, 
but  it  is  extraordinarily  difficult  for  Group  III,  as  this  band  is  amch  weaker  than  Group  II  and,  in  some 
compounds  (l-naphthylamine),  adjoins  II,  so  that  it  cannot  be  separated  from  Group  II  at  tines  (1,5-- 
ailnonm)hthol  and  its  sulfo  acids),  even  when  a  spectrograph  of  high  resolving  power  is  enployed.  Tfe 
have  therefore  indicated  the  wavel^gth  of  the  constituent  group  with  the  longest  wavelength  in  Group  III, 
provided  the  group  is  sufficiently  Isolated  (319.3  in  the  case  of  naphthalene,  for  example). 


b)  Azo  dyes.  The  absorption  spectra  of  1-benzeneazonaphthalene  (Xl)  (Fig. 
k,  Table  5)  and  of  the  dye  derived  from  1-naphthylamine  (XIl)  (Fig.  5  and  Table' 
3)  retain  both  of  the  maxima  characteristic  of  the  naphthalene  molecule  in  the 
shortwave  region.  In  the  visible  region,  each  of  these  spectra  exhibits  an  en¬ 
tirely  new  longwave  maximum  that  is  lacking  in  naphthalene  and  in  all  of  its 
derivatives  considered  hitherto,  this  maximum  being  farther  toward  the  longer 
wavelengths  in  the  spectrum  of  the  dye  (XIl)  than  in  that  of  the  dye  (Xl) .  Salt 
formation,  which  results  in  the  formation  of  dye  anions,  has  no  substantial  ef¬ 
fect  upon  the  shortwave  portion  of  the  spectrum  of  either  dye. 


Fig.  3. 
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Fig.  4. 


TABLE  3 


No. 


I 


Substance 


1 

2 

3 


1-Benzeneazo- 

naphthalene  (Xl) .  <. 
1-Benzeneazonaphth- 
alene  hydro¬ 
chloride  (XIa) . . . , 
4-Benzeneazo-l- 
naphthylamine 


(XII) 


4 


^-Benzeneazo-1- 
naphthylamine 
hydrochloride 
(Xlla) . o  o . , o  o . 


Maxima 


- 

II 

-  iii  - 

1 _ IV  _ 

X 

e 

X 

e 

X 

e 

A 

ro 

ro 

>4.6-10^ 

270 

1.7-10^ 

370 

1.6-10^ 

- 

- 

<250 

>2.4-10'^ 

280 

7.4-10® 

380 

8.5-10® 

540 

2.4-10^ 

<223 

>2.8-10^ 

f250 

[280 

2.5-10^ 

2.5-10^ 

- 

435 

2.4-10^ 

<223 

^2.8-10^ 

[250 

[270 

2.4-10'^ 

2.3-10^ 

0  0 

0  0 

1.8-10'^ 

l.5'10^ 

530 

5.5“10^ 

The  longwave  maximum  (380  mti)  of  the  neutral  molecule  is  retained  in  the 
visible  region  of  the  spectrum  of  the  cation  (Xl),  while  a  new  maximum  much  far¬ 
ther  toward  the  longer  wavelengths  makes  its  appearance.  An  intermediate  maxi¬ 
mum  (350  mp.)  emerges  at  the  boundary  of  the  visible  region  in  the  spectrum  of 
the  cation  (XIl),  while  the  longwave  maximum  is  shifted  toward  the  longer  wave¬ 
lengths.  The  presence  of  a  maxima  at  a  position  close  to  that  of  the  longwave 
maximum  of  1-benzeneazonaphthalene  (370  lap)  in  the  spectra  of  both  dyes  is  worthy 
of  note.  The  spectra  of  the  dyes  derived  from  1-naphthol^  -  the  dyes  (XIIl) 
and  (XIV)  (Fig.  6  and  Table  4)  —  and  from  1,5-a'niiiionaphthol  —  the  dyes  (XV)  and 


(XVl)  (Fig.  7  and  Table  4)  -  have  spec¬ 
tra  whose  shortwave  regions  resemble 
those  of  the  spectra  of  1-naphthol,  1- 
The  spectra  of  some  dyes  contain  an  inter¬ 
mediate  maximum  that  lies  close  to  the  longwave  maximum  of  vl'-Lenzeneazonaphthal- 
ene.  The  longwave  maximum  of  the  spectra  of  dyes  synthesized  from  1-naphthol  is 


naphthylamine >  or  1,5-aminonaphthol. 


•Whenever  the  medium  is  not  specified,  the  azo  dyes  that  contain  a  hydroxyl  group  were  tested  with  equi- 
molecular  quantities  of  sodium  hydroxide. 


1^55 


TABLE  4 


1  j  2-Benzeneazo-l-  '  j 

;  naphthol  (xill)  o , . . , .  335  2.7‘10^  295;  3 ‘10^ '565  2'-10^  490  !2.3-10^ 

2  4-Benzeneazo-l-  j  I  ; 

naphthol  (XIV) .  <208  >2.8«10^!290l  7-10^  |  -  “  :490jl.6“10^ 

3  2-Benzeneazo-l, 5-  I  '  I  i  ' 

aminonaphthol  (XV)...  23O  2.8°  10^  3OO  2.4°10^  I  -  '  -  ^  505  ,  !•  1’ 10'* 

Ij.  8“B0Iiz0ii03,z  o*  1  5"  ^1  ' 

aminonaphthol' (XVI)..  i<208  >2.5 '10^  295  7.7-10®  |350 i5.4° 10^ j 55o| 1.2° 10^ 


shifted  toyard  the  longerwave lengths  as  Fig.  8. 

we  pass  from  the  para  hydroxy  to  the 
ortho  hydroxy  isomers,  this  occurring 

in  the  dyes  based'  on  1,5 -aminonaphthol  and  2, 8 -aminonaphthol  as  we  pass  from  the 
amino  to  the  para  hydroxy  isomers  and  even  to  the  disazo  dyes.  The  transition 
from  the  neutral  molecules  of  dyes  and  of  their  sodium  salts,  which  dissociate 
to  form  dye  anions,  results  in  spectra  of  the  para  hydroxy  azo  dyes  (XIV),  (XVl), 
and  (XVIIl)  and  of  the  amino  azo  dye  that  is  a  derivative  of  1,5 -aminonaphthol 
(XV)  with  the  longwave  maximum  shifted  toward  the  longer  wavelengths  (Table  5)* 
The  position  of  the  longwave  maxima  of  the  ortho  hydroxy  and  perl  hydroxy  azo 
dyes  (XIIl)  and  (XVIl)  is  not  changed  when  they  are  dissolved  in  a  molar  quantity 
of  alcoholic  alkali  (Table  5). 

The  sulfo  acids  of  1 , 5 -aminonaphthol  yield  azo  dyes  whose  spectra  repeat 
the  picture  already  seen  in  the  spectra  of  the  dyes  that  are  derivatives  of  1,5- 
aminonaphthol  (Figs.  8-12  and  Tables  6-7). 

Nearly  all  the  spectra  of  these  dyes  retain  both  of  the  shortwave  maxima 
found  in  the  spectra  of  naphthalene  and  its  intermediates:  the  position  of  Max¬ 
imum  I,  with  the  shortest  wavelength,  is  shifted  negligibly,  the  Maximum  II 
being  shifted  somewhat  more.  In  dyes  in  which  the  sulfo  group  of  the  original 
sulfo  acids  are  in  the  ortho  position  to  the  hydroxyl  or  amino  group,  the  posi¬ 
tion  of  this  maximum  is  quite  close  to  that  of  the  corresponding  maximum  in  the 
spectrum  of  1-naphthol,  whereas  in  dyes  that  are  derivatives  of  the  other  sulfo 


TABLE  5 


Medium 

No.! 

Dye 

Ethyl  , 

NaOH  + 

1 

alcohol 

ethyl 

•  I 

alcohol 

^  X 

X 

1 

2- ( Orthohydroxy) - 
benzeneazo-1-  , . . 
naphthol  (XIIl) . .  i 

j 

I  490 

490 

2 

4- (Parahydroxy) -  ' 

' 

benzeneazo-1- 
naphthol  (XIV) . . .  ; 

;  470 

520 

5  , 

2- ( Orthoamino) -  ! 

benzeneazo-1, 5- 
aminonaphthol 

i 

j  . 

! 

■  1 

(XV),......,,;... 

'  480 

1  505 

h  I 

8- (Parahydroxy) - 

1 

t 

1 

r 

benzeneazo-1, 5- 

amlnonaphthol 

(XVI)..,..,,,.... 

i 

i 

j  510 

i 

550 

5 ; 
1 
i 

1- (Peri -hydroxy) 
benzeneazo-2,8- 
aminonaphthol 
(XVII)..,,.,..... 

1 

'  500 

t 

1 

i 

500 

6  1 

5 -.(Parahydroxy)  - 

i 

i 

'  benzeneazo-2,8, 

1  aminonaphthol 
(XVIII) . . 

505 

>520 

7  ; 

‘  1-5-Disbenzene- 

■  * 

azo-2,8-amino- 
,  naphthol  (XIX) . . . 

! 

1  550 

1 

1  540 

1/  2 
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Fig.  9. 
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Fig.  10 

acids  this  :  minimum  is  close  to  the 
longwave  maximum  of  the  spectrum  of  1,5- 
aminonaphthol .  Moreover,  the  spectra  of 

all  azo  dyes  have  a  longwave  maximum  in  the  visible  region,  its  wavelength  in¬ 
creasing  as  we  pass  from  the  amino  to  the  hydroxy  isomers  (only  in  the  dyes  de¬ 
rived  from  l,5-aminonaphthol-8-sulfo  acid  is  the  inverse  order  manifested). 
Lastly,  the  spectra  of  all  the  hydroxy  azo  dyes  and  of  some  of  the  amino  azo 
dyes  clearly  exhibit  a  maximum  whose  position  is  close  to  the  longwave  maximum 
of  the  spectrum  of  1-benzeneazonaphthalene  (this  maximum  is  not  found  in  the 
spectra  of  dyes  based  on  l,5-aminonaphthol-8-sulfoi  I-  acid).  The  disazo  dyes 
that  are  derivatives  of  the  6-  and  8-sulfo  acids  of  1,5-aminonaphthol  substan¬ 
tially  repeat  the  spectra  of  the  initial  monoamino  azo  dyes,  with  the  exception 
that  the  introduction  of  another  azo  groups  shifts  the  longwave  maximum  toward 
the  longer  wavelengths. 

It  is  appropriate  to  note  some  general  pattern  of  behavior  that  may  be  de¬ 
duced  from  an  inspection  of  the  spectra  of  the  compounds  tested;  l)  Intermed¬ 
iates  and  azo  dyes  retain  in  their  spectra  the  shortwave  maxima  that  are  char¬ 
acteristic  of  the  naphthalene  molecule,  the  position  of  the  shortwave  Maximum 
I  remaining  practically  unchanged,  and  Maximum  II  shifting  toward  the  visible 
region  as  we  pass  from  naphthalene  to  1-naphthol,  1-naphthylamine,  1,5-amino¬ 
naphthol,  and  the  sulfo  acids  of  the  latter,  in  that  order.  In  the  azo  dyes 


TABLE  6 


Maxima 

No.  Substance 

I 

' 

_ 

II 

1 

III 

IV 

e 

X 

6 

X 

e 

X 

e 

1  4-Benzeneazo-l,5-amino- 
naphtholsulfo  acid 
(XX)  . . 

.220 

6.1'10^ 

270 

1.5 "10^ 

_ 

500 

6.7“103 

2  8-Benzeneazo-l,5-aniino- 
naphtho 1 - 2 - sul f 0 
acid  (XXI)  . . . 

220 

2.8-10^ 

290 

8.9“lO® 

360 

5.5-103 

! 

520  |l.3'10^ 

3  2-Benzeneazo-l,5-a.mino- 
napht hoi -4 - sulf 0 
acid  (XXII)  . 

235 

3.1”10^ 

310 

1.3:10^ 

460 

1.6-10^ 

4  8-Benzeneazo-l,5-aniino- 
naphthol-4-sulfo 
acid  (XXIIl) . . 

<255 

>6.5 “10^ 

310 

5.3'10^ 

\ 

345  fl.3-10^ 

520 

3*103 

5  2-Benzeneazo-l,5-amino- 
naphthol-7-sulfo 
acid  (XXIV)  . . . 

230 

2.5‘10^ 

310 

1.7-10^ 

• 

510 

1.6-10^ 

6  6-Benzeneazp-l,5-aniino- 
naphthol-7-sulfo 
acid  (XXV)  . 

j<227 

>2.6-10^ 

320 

2-10^ 

i 

370 

10^ 

515 

i 

2.5-10'* . 

this  maximum  is  displaced  in  about  the  same  sequence.  2)  Maximum  III  is  very 
■weak  in  the  spectra  of  naphthalene,  1-naphthol,  and  l-naphthylamine|  it  overlaps 
the  absorption  band  II  in  the  spectra  of  the  other  compounds.  5)  All  azo  dyes 
possess  a  maximum  in  the  visible  region  that  is  absent  in  the  intermediates. 

In  neutral  molecules  the  wavelength  of  this  maximum  increases  as  we  pass  from 
benzeneazonaphthalene  via  the  amino  azo  dyes  and  the  para  hydroxy  isomers  to 
the  ortho  hydroxy  azo  dyes,  the  ortho  and  para  isomers  Interchanging  their  places 
in  this  sequence  in  the  naphtholates.  4)  Intermediate  maxima  appear  in  the 
spectra  of  some  azo  dyes.  Most  of  the  ortho  hydroxy  and  para  hydroxy  azo  dyes, 
for  example,  have  a  maximum  that  lies  close  to  the  longwave  maximum  of  _ ::: 
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TABLE  7 


- 

Maxima 

No. 

Substance 

I 

II 

Ill 

IV 

X 

e 

X 

e 

X 

s 

X 

e 

1 

2 -Benz  eneazo-1,5- 
aminonaphthol -6 - 
sulfo  acid  (XXVl)..., 

219 

2.5-10^ 

290 

8-103 

360 

6.2*103 

520 

1.4*10^ 

2 

8-Benzeneazo-l,5- 

aminonaphthol-6- 
sulfo  acid  (XXVIl) . . , 

222 

5.5“10^ 

290 

1.3-10^ 

360 

1.4*103 

530 

3*10^ 

3 

2,8-Disbenzeneazo-l,5- 
amlnonaphthol -6- 
sulfo  acid  (XXVIIl).. 

<215 

1 

>3  3-10^ 

0 

0 

KN 

1.5'10'^ 

ON 

0 

1.4“103 

540 

1.4-10^ 

k 

2-Benzeneazo-l,5- 

aminonaphthol-8- 
sulfo  acid  (XXIX) .... 

208 

0 

1 — 1 

OJ, 

325 

1 

1.3°10^ 

520 

1.2*10^ 

5 

6-Benzeneazo-l,5- 
aminonaphthol-8- 
sulfo  acid  (XXX)  .... 

234 

2.7“10^ 

320 

2*10^ 

500 

1.8*10^ 

6 

2,6-Dlsbenzeneazo-l,5- 
amlnonaphtho 1 - 8 - 
sulfo  acid  (XXXI  .... 

240 

2.5 '10^ 

325 

1.5*10^ 

— 

540 

1.7-10^ 

the  simplest  naphthalene  azo  dye  -  1-henzeneazonaphthalene.  5)  Converting  neu¬ 
tral  molecules  into  hydrochlorides  or  sodium  salts  shifts  the  longwave  maxima  to 
the  longer  wavelengths  in  the  spectrum.  6)  Varying  the  pH  of  the  medium  has  no 
effect  upon  the  position  of  the  longwave  maxima  of  ortho  hydroxy  and  peri  hyd¬ 
roxy  azo  dyes.  The  same  patterns  of  hehavior  may  be  observed  in  the  absorption 
spectra  of  some  other  aromatic  compounds;  anthracene  and  its  derivatives  [12], 
phenylmethylpyrazolone  and  various  dyes  derived  from  it,  and  some  di-  and  tri- 
phenylme thane  dyes 

Thus,  in  addition  to  the  well-known  regularity  with  which  the  ab^rption 
spectra  change  as  we  pass  from  the  original  aromatic  and  heterocyclic  compounds 
to  the  intermediates  and  dyes  derived  from  them,  we  have  been  able  to  observe 
the  reproducibility  of  the  spectra  of  the  parent  substances  in  the  spectra  of 
the  more  complex  compounds:  with  some  deviations,  the  absorption  spectra  of  in¬ 
termediates  and  dyes  reproduce  the  maxima  (strictly  speaking,  the  absorption 
bands)  of  the  original  substances.  Moreover,  the  spectra  of  the  dyes  exhibit 
new  maxima  that  are  their  own  specific  characteristics. 

3.  Evaluation  of  Research  Results 

We  also  endeavored  to  establish  at  least  a  qualitative  relationship  between 
the  existence  of  the  several  maxima  in  the  absorption  spectra  and  the  structure 
of  the  compounds  under  study.  As  we  know,  the  wavelength  of  the  maximum  in  an 
absorption  spectrum  of  any  molecule  depends  upon  the  excitation  energy,  which 
is  given  by  the  difference  between  the  energies  of  the  stationary  and  the  ex¬ 
cited  states,  these  latter  being  governed  by  the  differing  electronic  state  of 
the  molecule.  It  may  be  assumed  that  the  Maximum  I  in  the  naphthalene  spectrum 
(which  is  farthest  toward  the  shorter  wavelengths,  is  found  in  nearly  all  the 
intermediates  and  dyes  we  have  tested,  and  has  a  substantial  excitation  energy) , 
.owes  its  origin 'large'ly  to  a  change -in  the  eletPtr-onic  atatb  of- the  naphthalene 
.(and  only  the.  naphthalene^)  ring  .in  the  ..molecules  of-  these  compounds.  Maximum 
II  in  the  naphthalene  absorption  spectrum  lies  at  longer  wavelengths  than  Max¬ 
imum  I,  and  hence  has  a  lower  excitation  energy.  The  displacement  of  Maximum  II 
in  the  spectra  of  Intermediates  cannot  be  attributed  to  the  additive  action  of 
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the  Buhstltuents,  since  the  absorption  spectra  of  the  simplest  compounds  that 
contain  the  given  substituent  (CH3OH  and  CH3NHP,  for  example  [i4j}  possess  neg¬ 
ligible  intensity,  with  no  maxima  present  at  all  above  220  m^.  Maximum  II  per¬ 
sists  in  the  azo  dyes,  also  displaced  toward  the  longer  wavelengths,  though 
less  markedly  so,  the  amount  depending  upon  the  nature  of  the  azo  constituent. 

It  follows  from  the  foregoing  that  the  origin  of  this  maximum  is  due  chief¬ 
ly  to  a  change  in  the  electronic  state  of  the  naphthalene  ring,  as  modified  by 
the  action  of  the  substituents  of  the  azo  constituents.  The  longwave  maximum 
in  the  absorption  spectra  of  all  azo  dyes,  which  is  absent  in  the  naphthalene 
molecule  and  the  intermediates,  cannot  be  attributed  to  the  azo  group  Itself, 
since  the  absorption  spectrum  of  the  simplest  compound  containing  an  azo  group  - 
azomethane,  CH3-N=N-CH3  [is]  -  has  a  spectrum  whose  overall  intensity  (including 
that  of  its  maximum)  is  extremely  low  ((  e  =.  10 ),  )  even  though  it  has  a  max- 
imiom  at  X  =  330  m|i,  while  the  corresponding  maximum  of  the  absorption  spectrum 
of  1-benzeneazonaphthalene  has  ae  =  l6,400.  Hence,  the  interaction  of  the  azo 
group  with  the  naphthalene  ring  and  the  substituents  present  in  the  molecule  is 
responsible  for  the  appearance  of  the  longwave  maximum  in  azo  dyes.  The  spectra 
of  some  azo  dyes  exhibit  other  maxima  in  the  ultraviolet  and  close  to  the  vis¬ 
ible  region;  it  is  difficult  to  explain  their  origin  at  the  present  time. 

It  was  stated  above  that  the  position  of  the  longwave  maxima  of  the  absorp¬ 
tion  spectra  of  ortho  hydroxy  and  perl-  hydroxy  azo  dyes,  (XIIl)  and  (XVIl), 
respectively,  did  not  change  when  measurements  weremade  in  neutral  and  in  alk¬ 
aline  media.  At  the  same  time,  the  ortho  hydroxy  azo  dyes  were  not  titrated 
when  they  were  tested  by  the  potentiometrlc  titration  method  [lej.  Hence,  the 
hydroxyl  group  did  not  form  a 
naphtholate  in  either  case. 

This  property  of  ortho  hydroxy 
and  peri  hydroxy  azo  dyes  led 
us  to  assijime  the  formation  of 
a  hydrogen  bond  between  the 
hydroxji  hydrogen  and  the  nitro¬ 
gen  of  the  azo  group  [11,17]. 


SUMMARY 


1.  It  has  been  established  that  the  absorption  spectra  of  the  tested 
naphthalene  intermediates  and  azo  dyes  repeat,  with  some  deviations,  the  absorp¬ 
tion  bands  (the  maxima)  of  the  spectrum  of  the  naphthalene  molecule,  new  and 
specific  maxima  appearing  in  the  visible  region  of  the  spectra  of  the  azo  dyes. 

2.  The  specific  properties  of  ortho  and  peri  hydroxy  azo  dyes  may  be  ex¬ 
plained  by  the  formation  of  an  intramolecular  hydrogen  bond. 
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RESEARCHES  ON  CYANIN  DYES 


IV.;  SOME  6,6'  -DI ACYLAMINOTHI ACARBOCYANINS 
1. 1,  loevkoev,  S.  A.  Kheifets,  ■  and  N.  S.  Rarvin 


In  the  course  of  our  researches  on  the  relationship  between  the  optical 
and  photographic  properties  of  cyanin  dyes  and  their  structure  [i]  we  grew  in¬ 
terested-,  in  the  prohlem  of  the  effect  of  the  entrance  of  acylamino  and  amino 
groups  into  the  heterocyclic  residues  of  such  dyes. 


F»MoHatiier  [2]  has  made  a  study  of  this  problem  in  the  quinoiso-  and  2,2* - 
quinocarbocyanins.  These  researches  did  not  enable  him  to  arrive  at  any  general 
conclusions  concerning  the  extent  of  the  bathochromic  shift  of  the  absorption 
maximum  due  to  the  entrance  of  an  acylamino  ^oup  in  the  heterocyclic  residue 
of  these  dyes  (the  shift  totaling  4  to  20  mp-T.  Nor  was  the  question  of  the  ef¬ 
fect  upon  the  color  of  dyes  produced  by  acylating  the  amino  groups  present  in 
their  heterocyclic  residues  (the  effect  being  hypsochromic  in  some  cases  and 
bathochromic  in  others) . 

AcP.Kiprianov  has  synthesized  thlacarbocyanlns  containing  methyl,  carbam- 
ino,  benzoylamlno,  and  p-tolusulfamino  groups  in  the  6,6* -positions,  as  well  as 
8,10-diacetaminothlacarbocyanine  [3].  The  literature  also  contains  data  on  the 
optical  properties  of  some  6,6’ -diacetaminothiacarbocyanins 


This  research  has  shown  that  in  the  transition  from  6,6* -diaminothiacarbo- 
cyanins  to  the  corresponding  acylamino  derivatives,  as  well  as  in  the  6,6* -di- 
amlno-2,2* -quinocarbocyanins  [2],  the  absorption  maximum  of  the  dyes  is  shifted 
substantially  toward  the  shorter  wavelengths.  This  hypsochromic  effect  is 
apparently  due  to  the  fact  that  fewer  electrons  are  diverted  from  the  nitrogen 
atoms  to  the  polymethyne  chromophore  when  the  amino  groups  are  acetylated  [3-7] 
On  the  other  hand,  6,6* -bis- (dimethylamlno) -7^7' -diacetaminothiacarbocyanins 
have  a  deeper  color  than  the  corresponding  6,6* -bis- (dlmethylamlno) -7^7' -diam¬ 
ino  derivatives  [a],  which  it  is  interesting  to  contrast  with  the  properties  of 
5-  and  7' -amino-  and  5-  and  7’ -acylamlnoqulnoisocyanlns  [2]. 

In  the  present  research  we  have  synthesized  several  6,6*-di-(formylamino)- 
6,6* -diacetamino) -  and  6,6* -di-(methylsulfamino) -thlacarbocyanlns  (l)  and  in¬ 
vestigated  the  optical  and  photographic  properties  of  these  dyes. 


Ac  =  CH0-,  CH3CO,  or  CH3SO2J  A  =  H,  CH3,  or 
X  =  acid  residue 


We  synthesized  the  original  6-formylainino-  and  6-m.ethylsulfamino-2-niethyl- 
benzothiazoles,  as  well  as  the  6-acetamlno-2-niethyl'benzothiazole  briefly  de¬ 
scribed  previously  [9],  by  acylating  6-aiDlnO“2-methylbenzothiazole  [9,10]. 

Heating  6-amino-2-methylbenzothlazole  with  an  excess  of  formic  acid  yielded 
the  formate  6-formylamin6-2-methylbenzothiazole,  which  was  stable  in  water  and 
was  converted  into  a  base  by  treatment  with  bicarbonate » 

No  acetate  was  formed  from  6-acetamino-2-methylbenzothiazole  under  similar 
conditions «  The  reaction  of  6-acetoamino-  and  6-methylsulfamino-2-methylbenzo- 
thiazoles  with  p-toluene  sulfonates  yielded  quaternary  salts  of  these  bases. 
Heating  them  with  ortho  esters  of  carboxylic  acids  in  pyridine  [nj  yielded  the 
respective  carbocyanins,  which  were  recovered  as  bromides  or  iodides. 

Dicarbo-  and  4'-cyanin,  as  well  as  the  2-p-dimethylamlnostyryl  derivative, 
were  synthesized  from  the  ethyl -p- toluene  sulfonate  of  2-methyl-6-acetaminobenzo- 
thiazole  in  the  usual  manner. 


Heating  6- formylamlno-2  methylbenzothiazole  to  120°  with  the  ethyl  ester 
of  p-toluenesulfonlc  acid  apparently  causes  a  partial  ethylation  of  the  formyl- 
amino  group,  so  that  we  were  unable  to  secure  the  quaternary  salt  in  the  pure 
state.  We  were  able  to  secure  a  methiodide  by  heating  6-formylamino-2-methyl- 
benzothiazole  to  70°  with  an  excess  of  methyl  iodide,  while  formylation  of  the 
quaternary  salts  of  5  amino-2 -methylbenzothiazole  yielded  the  corresponding 
ethobromide  and  ethiodide.  We  found,  however,  that  these  salts  condense  with 
difficulty  with  ortho  esters  of  carboxylic  acids  in  pyridine  to  yield  carbo- 
cyanines. 

In  this  connection  we  synthesized  6,6' -di- (formylamino) -thiacarbocyanins 
by  formylating  6,6'-diamlno  derivatives,  the  latter  being  prepared  by  heating 
6,6* -dl- (acetamlno) -“thiacarbocyanins  with  25^  hydrochloric  acid. 

The  d) sorption  maxima  of  the  synthesized  ethoxldes  of  6,6* -di-(acylamino)- 
thiacarbocyanins  (in  ethyl  alcohol)  are  listed  in  Table  1. 


*  TABLE  1 

t 


Positions  of  the  Absorption  Maxima  of  3^5'- 
Diethyl-6,6' -di- (acylamino) -thiacarbocyanins 
in  Ethyl  Alcohol 


Substituents  at 
the  6^6* 
positions 

Position  of  the  absorp¬ 
tion  maxima,  mU 

Substituents  at'  the 
position 

9  . 

H 

CpHpj 

H 

557 

543 

547 

NH2  .,,.0,,,,.,,,,, 

59^(596) [3,6] 

583 

587 

CHONH 

575 

561 

565 

CH3CONH 

577(581) [3,6] 

563 

567 

CHsSOsNH  .,,,,,,.,0 

572 

559 

563 

CH3SO2NH  (+  30 

mol.  NaOH) 

605 

592 

596 

ides  of  dyes  without  substituents  in  the  chain  are 
spectively. 


As  we  see  in  Table  1, 
acylating  the  amino  groups  of 
6,6 ' -diamlnothlacarbocyanins 
-  that  have  no  substituents 
attached  to  the  chain  dis¬ 
places  the  absorption  maximum 
of  the  dyes  17-22  mp_  toward 
the  shorter  wavelengths  of 
the  spectrum  in  the  cases 
tested.  Comparison  of  the  ab¬ 
sorption  maxima  of  6,6'-di- 
(methylcarbamino) - [3 ] ,  6,6'-  . 
di- (acetaraino) - ,  and  6>6'-di- 

( formylamino) -thiacarbocyanins 
indicates  that  this  hypsor- 
chromic  shift  Increases  with 
the  nature  of  the  acyl  group 
in  the  following  order; 

COOCH3  <  COCH3  <  COH.  (The 
absorption  maxima  of  ethox- 
579>  5T7>  and  575  mjj,,  re- 


This  is  apparently  related  to  the  successive  increases  In  the  diverting  of 
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electrons  from  the  nitrogen  atom  to  the  carbonyl  oxygen  in  the  respective  dyes^ 
which  naturally  results  in  a  diminution  of  the  electron  shifts  from  the  nitrogen 


to  the  polymethyne  chain  (ll). 

0.. 

' 

‘^'9^  .s 

t; 

XX/ 

N+ 

N+ 

N+ 

1 

CpHs 

1 

C2H5 

I 

C2H5 .. 

(II) 

(III) 

(IV) 

As  A. I.Kiprianov  has  noted  [e],  the  deepening  in  the  color  of  thiacarbo- 
cyanins  when  electron  donor  groups  enter  their  heterocyclic  residues  is  rela¬ 
ted  to  electron  shifts  from  these  substituents  to  the  polymethyne  chromophore. 
The  increase  in  color  intensity  in  the  transition  from  the  6,6 ' -diaminothiacar- 
bocyanins  (iTl)  to  the  salts  (IV),  in  which  this  displacement  does  not  occur, 
is  confirmation  of  this  assertion.  The  absorption  maxima  of  these  salts  coin¬ 
cide  nearly  completely  with  those  of  thiacarbocyanins  that  have  unsubstituted 
heterocyclic  residues  [7]. 

The  higher  color  observed  in  the  transition  from  the  6,6' -diamino-  to  the 
6,6' -di- (methyl sulf amino) -thiacarbocyanins  is  likewise  due,  apparently,  to  a 
decrease  in  the  electron  displacements  from  the  substituent  groups  to  the  poly¬ 
methyne  chromophore  [3,6]. 

There  are  no  references  in  the  literature  to  the  photographic  properties 
of  di(acylamino) -thiacarbocyanins.  Some  thia-  and  selenacyanins  containing 
acylamino  groups  have  been  proposed,  however,  as  sensitizers  for  silver  halide 
emulsions  [12]. 

Photographic  investigations  of  6,6' -di-(formylamino)-  and  6,6'-di-{acet- 
amlno) -thiacarbocyanins  has  Indicated  that  many  of  them  are  not  inferior  to  the 
corresponding  dyes  without  substituents  in  the  heterocyclic  residues  as  sensi¬ 
tizers,  and  even  surpass  them  in  some  cases;  the  6,6 ' -bis- (methylsulf amino) 
derivatives  are  somewhat  less  effective.  Under  ordinary  conditions  the  dyes  of 
this  group  do  not  yield  sensitizers  of  the  second  order  [13]. 

In  contrast  to  the  6,6' -diaminothiacarbocyanins,  dyes  that  contain  acyl¬ 
amino  groups  do  not  exhibit  fogging  or  desensitizing  action. 


EXPERIMENTAL 

(In  association  vith  V. V.  Durmashklna) 
6»-Formylamlno-2-methylbenzothiazole 

8.2  g  of  6-amino-2-methylbenzothiazole  (m.p.  120-121°)  was  heated  with  11.2 
g  of  anhydroiis  formic  acid  for  3  hours  in  a  flask  with  a  reflux  condenKor  over 
an  oil  bath  to  an  oil  temperature  of  120-130° .  After  the  solution  had  cooled, 
100  ml  of  anhydrous  benzene  was  added,  a  slightly  yellowish  crystalline  precip¬ 
itate  of  the  formate  settling  out,  which  was  filtered  out  and  washed  with  benz¬ 
ene*  The  yield  was  11.25  g  (96^  of  the  theoretical).  M.p.  95-97* •  Slightly 
yellowish  needles  (from  water);  readily  soluble  in  ethyl  alcohol;  only  slightly 
soluble  in  water. 

Found  N  11.75,  11. 87.  CgH80N2S -01202.  Computed  N  11.76. 


In  order  to  recover  the  base,  the  formate  was  dissolved  in  ethyl  alcohol 
(5.8  g  in  20  ml),  an  aqueous  solution  of  sodium  bicarbonate  was  added  (5-36  g 
in  40  ml),  and  the  mixlure  was  diluted  with  60  ml  of  water.  The  resultant 
precipitate  was  filtered  out  and  washed  with  water.  Colorless  prisms  (from 
benzene).  M.p,  111-112°.  Readily  soluble  in  alcohol  and  in  acetone,  sparingly 
so  in  cold  benzene. 

Found  N  li^.4l,  11^,45,  CaHaON^S.  Computed  N  14. 58. 

Methlodide .  This  was  produced  by  heating  the  base  with  a  lOO'jt  excess  of 
methyl  iodide  for  20  hours  in  a  flask  with  a  reflux  condenser  over  a  boiling 
water  bath.  The  crystallized  salt  was  carefully  washed  with  acetone.  Yield: 

50  .9^  of  the  theoretical.  Colorless  prisms  (from  ethyl  alcohol).  M.p.  252-253‘’- 

Found  N  8.59,  8,52.  C10H11ON2SI.  Computed  N  8,58. 

Methobromide.  1.0  g  of  2-methyl-6-aminobenzothiazole  methobromide  was 
boiled  for  5  hours  with  2  ml  of  formic  acid  in  a  flask  fitted  with  a  reflux  con¬ 
denser,  The  mixture  was  diluted  with  ether,  and  the  precipitate  was  filtered 
out  and  washed  with  acetone.  The  yield  was  87^  of  the  theoretical.  Colorless 
needles  (from  ethyl  alcohol).  M.p.  238-239°*  A  sample  of  the  salt  fused  at 
223-256°  when  mixed  with  2-methyl-6-amlnobenzothiazole  methobromide. 

Found  N  9*23,  9»24.  CnHiaONaSBr .  Computed  N  9o30, 

Ethiodide,  This  was  prepared  from  2-methyl-6-aminobenzothiazole  ethiod- 
ide,  analogously  to  the  preceding  compound.  The  reaction  mixture  was  diluted 
with  a  10^  solution  of  potassium  iodide,  and  the  precipitate  was  filtered  out 
and  washed  with  water.  The  yield  was  8l^  of  the  theoretical.  Heating  equimolar 
quantities  of  6-formylamlno-2-methylbenzothlazole  and  ethyl  iodide  for  20  hours 
over  a  boiling  water  bath  in  a  flask  fitted  with  a  reflux  condenser  resulted 
in  a  yield  of  the  ethiodide  that  was  22^  of  the  theoretical.  Colorless  needles 
(from  ethyl  alcohol),  M.p.  243-244°. 

Found  N  8,01,  7.9O.  C11H13ON2SI.  Computed  N  8.04. 

6-Acetoamino-2-methylbenzothiazole 

16.8  g  of  acetic  anhydride  was  gradually  added  to  l80.4  g  of  6-amlno-2- 
methylbenzothiazole  dissolved  in  65  ml  of  benzene,  and  the  mixture  was  heated 
for  30  minutes  over  a  boiling  water  bath  in  a  flask  fitted  with  a  reflux  con¬ 
denser.  After  the  contents  had  cooled,  the  precipitate  was  filtered  out  and 
washed  with  I5  ml  of  benzene.  The  yield  was  89^  of  the  theoretical.  M.p.  l46- 
i47° .  The  prbduct  was  purified  by  recrystallizlng  it  from  water  (l:100)  and 
drying  it  at  90-100°.  Colorless  lustrous  crystals  with  a  m.p.  of  l48-l49*  ■■  - 
(the  m.p.  is  given  as  149-150°  by  Browning  et  al.  [a]). 

Pic-rate :  yellow  prisms  (from  ethyl  alcohol).  M.p.  218-219°. 

Methlodide.  This  was  prepared  by  heating  0.82  g  of  the  base  for  6  hours 
with  0,78  g  of  the  methylester  of  p-toluenesulfonic  acid  and  then  dissolving 
the  methyl-p-tolusulfonate  in  10  ml  of  -water  and  adding  I5  g  of  potassium  iod¬ 
ide.  The  precipitate 'was  washed  with  water  and  with  acetone.  The  yield  was 
64^  of  the  theoretical.  Colorless  needles  (from  methanol);  m.p.  252-254°, 

Found  I  56.32,  C11H13ON2SI,  Computed  I  36,46, 

Ethyl-p-toluenesulf onate ,  A  mixture  of  0.4l  g  of  the  base  and  0,42  g  of 

the  ethyl  ester  of  p-toluenesulfonic  acid  was  heated  to  145-150°  for  6  hours. 

The  crystallized  mass  was  washed  with  benzene  and  with  acetone.  The  yield  was 
0*77  g  (95^  of  the  theoretical),  M.p,  192-194°.  For  analysis,  the  salt  was 
recrystallized  from  a  19^1  mixture  of  acetone  and  ethyl  alcohol.  Nearly  color¬ 
less  hygroscopic  needles  with  a  m.p,  of  197° 5  very  freely  soluble  in  water  and 
♦  to  145-150° 


1466 


alcoholj  less  so  in  acetone. 

Found  N  7.02,  6.9^.  C19H22O4N2S2.  Computed  N  6.94. 

Ethiodide.  This  was  prepared  by  adding  2.0  g  of  potassium  iodide  to  an 
aqueous  solution  of  the  preceding  compound  (2  g  in  10  ml).  Colorless  needles 
(from  ethyl  alcohol),  M.p,  230-2^2. 

Found  N  7^65,  C12H15ON2SI.  Computed  N  7»73* 

'  Ethylperchlorate .  'Colorless  prisms  (from  water).  M.p.  262-263°.  Rather 
slightly  soluble  in  ethyl  alcohol, 

6-Methylsulfoamlno-2-methylbenzothlazole 

8,2  g  6-amino-2-methylbenzothiazole  was  dissolved  in  25  ml  of  anhydrous 
pyridine,  6,3  g  of  freshly  distilled  methyl  sulfochloride  was  added,  and  the 
mixture  was  heated  for  an  hour  over  a  boiling  water  bath.  The  liquid  was  di¬ 
luted  with  220  ml  of  3*?('  hydrochloric  acid,  and  the  slightly  pinkish  precipitate 
was  filtered  out  and  washed  with  water.  The  yield  was  10,6  g  (86^  of  the  c 
theoretical).  M.p.  l42-l43° •  The  product  was  purified  by  recrystallizing  it 
from  water  (ls550)  and  then  from  ethyl  alcohol  (l:20).  Colorless  orthogonal 
lamellae  with  a  m.p.  oi  l45-l46° .  Rather  freely  soluble  in  ethyl  alcohol  and 
acetonei  less  so  in  benzene. 

Found  S  26.46,  26. 30.  C9H10O2N2S2.  Computed  S  26.48, 

Ethiodide.  A  mixture  of  0.48  g  of  the  base  and  0.42  g  of  the  ethyl  ester 
of  p-toluenesulfonlc  acid  was  heated  for  6  hours  to  130°.  The  brown  mass  was 
then  dissolved  in  10  ml  of  water,  the  impurities  were  extracted  with  ether,  and 
the  aqueous  solution  was  heated  with  activated  charcoal.  The  solution  was  . 
nearly  colorless  after  filtration,  and  2  g  of  potassium  iodide  was  added  to  it. 
The  precipitated  ethiodide  was  filtered  out  and  washed  with  3  ml  of  water  and 
with  acetone.  The  yield  was  71^  of  the  theoretical.  Colorless  lamellae  (from 
methanol).  M.p,  247-248°. 

Found  N.6.8O,  C11H15O2N2SI.  Computed  N  7-03» 

6>6' -Pi- (acetoamino)-  and  6 ,6* -Pi- (methylsulfamino) - 
3,3* -dlethylthiacarbocyanins 

The  carbocyanins  were  prepared  by  heating  the  6-acetamino-  and  6-methyl- 
sulfamino-2-methylbenzothiazoles  for  6  hours  with  an  excess  of  the  ethyl  ester 
of  p-toluenesulfonic  acid  (to  l45°  for  the  acetamino  derivative  and  to  125-130* 
for  the  6-methylsulf amino  derivative).  Ethyl  orthocarbonate  and  pyridine  were 
added  to  the  quaternary  salt,  and  the  mixture  was  heated  over  an  oil  bath  to 
130°  (oil  temperature).  Then  the  dye  was  precipitated  with  ether,  dissolved 
in  methanol,  and  recovered  as  the  bromide  by  adding  a  10^  aqueous  solution  of 
potassium  bromide.  The  precipitated  dyes  were  carefully  washed  with  alcohol, 
water,  and  ether  and  dried,  after  which  they  were  crystallized  from  methanol* or 
ethyl  alcohol  with  a  constant  melting  point. 

Some  of  the  dyes  were  also  isolated  as  their  iodides  and  p-tolursulfonates. 
All  the  dyes  were  dried  at  100°  to  constant  weight  before  analysis.  Some  of 
them  contained  crystallization  alcohol. 

The  conditions  employed  in  synthesizing  the.  dyes,  their  properties,  and 
the  analysis  results  are  given  in  Table  2. 

3,3* -Piethyl-6,6* -dlaminothiacarbocyanin  Iodide  [3] 

1,0  g  of  3,3' -diethyl-6,6’ -dl- (acetamino) -thiacarbocyanin  p-tolusulfonate 
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vas  dissolved  in  35  nil  of  25^  hydrochloric  acid,  and  the  solution  was  hoiled 
for  20  minutes  in  a  flask  fitted  with  a  reflux  condenser.  The  liquid  was  then 
diluted  with  '^0  ml  of  water  and  3  g  of  potassium  iodide  was  added,  after  \^ich 
it  was  chilled  and  aqueous  ammonia  was  added  until  J.ts  reaction  was  slightly 
alkaline.  The  precipitated  dye  was  filtered  out,  washed  with  25  ml  of  water, 
dried  (weight  O.65  g,  of  the  theoretical),  and  crystallized  twice  from  ethyl 
alcohol  (1:450).  Lustrous  dark-blue  prisms  with  a  m.p.  of  232®,  soluble  with 
some  difficulty  in  ethyl  alcohol.  They  contain  crystallization  alcohol. 

Found  N  9-96,  9.80.  C2iH23N4S2l-C2H50H.  Computed  N  9.86. 

3 1 3 ' -Diethyl-9-methyl-6 , 6  * -diaminothiacarbocyanin  Iodide 

This  was  synthesized  by  bbiling  a  golution  of  I.5  g  of  3>3'-<iiethyl-9-methyl- 
6,6* -di-(acetamino)-thiacarbocyanln  p-tolusulfonate  in  30  ml  of  25^  hydrochloric 
acid  for  20' minutes,  followed  by  the  addition  of  potassium  iodide  and  neutraliz¬ 
ation  with  ammonia.  The  yield  was  0.9^  g  (6l^  of  the  theoretical). 

Lustrous  green  prisms  with  a  m.p.  of  237-239“  -(from  ethyl  alcohol,  1:350). 
Soluble  with  some  difficulty  in  ethyl  alcohol.  They  contain  crystallization 
alcohol,  some  of  which  is  lost  at  80®  in  vacuum. 

Found  N  8.9^,  9.1^.  C22H25N4S2l‘2C2H50H.  Computed  N  8.92. 

3»3* -Diethyl-6,6' -di-  ' (formylamino) -thiacarbocyanin  Iodide 

0.40  g  of  3^5* -dlethyl-6, 6* -diaminothiacarbocyanin  iodide  was  boiled  for 
one  hour  in  a  flask  fitted  with  a  reflux  condenser  with  12  ml  of  anhydrous  form¬ 
ic  acid.  The  violet-red  solution  was  diluted  with  40  ml  of  water,  2  g  of  potas¬ 
sium  iodide  was  added,  and  the  liquid  was  chilled  and  alkalinized  with  aqueous 
ammonia.  The  precipitated  dye  was  filtered  out  and  washed  with  water,  alcohdl> 
and  ether.  The  yield  was  0.4l  g. (91^  of  the  theoretical). 

The  dye  was  purified  by  crystallizing_it  twice  from  methanol.  Lustrous 
grayish-blue  prisms,  with  a  m.p.  of  295-297° ^  slightly  soluble  in  ethyl  alcohol 
and  containing  crystallization  methanol. 

Found  9.19,  9.26.-  C23H23O2N4S2TCH3OH.  Computed  N  9.18. 

3,3* ,9-Triethyl-6,6' -diaminothiacarbocyanin  Iodide 

This  was  synthesized,. like  the  preceding  dye,  by  boiling  1.0  g  of  3,5',9- 
triethyl-6,6* -di-(acetamino) -thiacarbocyanin  iodide  with  20  ml  of  25^  hydrochloric 
acid  to  saponify  it.  The  yield  was  87^  of  the  theoretical.  Lustrous  dark-green 
prisms  (frv.,ui  ethyl  alcohol,  1:240).  M.p.  231-232®.  Tlicy  contain  crystallization 
alcohol.  % 

Found  N  9.57,  9.6l.  C23H27N4S2l”C2H50H.  Computed  N  9-^0. 


3,3' -Diethyl-9-methyl-6,6' -di- (formylamino) -thiacarbocyanin  Iodide 

This  was  synthesized  by  boiling  O.3  g  of  3,5' -diethyl-9-methyl-6,6'-diaraino- 
thiacarbocyanln  iodide  for  1  hourf  with  9  ml  of  formic  acid,  followed  by  dilu¬ 
tion  with  water  and  neutralization  with  ammonia.  The  yield  was  82^  of  the  theor¬ 
etical.  Minute  violet  needles  (from  methanol).  M.p.  231-233°  They  contain 
crystallization  methanol,  only  part  of  which  is  driven  off  at  80-100°  in  vacuimm. 

Found  N  8.77,  8.65,  C24H2502N4S2l'2CH30H.  Computed  N  8.53. 

5,3' ,9-Triethyl-6,6'  di- (formylamino) -thiacarbocyanin  Iodide 

This  was  synthesized,  like  the  preceding  dye,  by  boiling  3,5'9r'triethyl-6,6' - 
diaminothiacarbocyanin  iodide  (0.40  g)  with  formic  acid  (lO  ml).  The  yield  was 
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95^  of  the  theoretical^  Minute  bluish-violet  prisms  (from  methanol,  1:100). 

M.p.,  27I-273® .  They  contain  crystallization  methanol. 

Found  N  8.72,  8.69.  C25H2r02N4S2l“CH30H,  Computed  N  8.79. 

3,3  -Diethyl-6 ,6 >  -di-  (acetamino)  -thiacarbocyanin  p-Tolusulfonate 

0.82  g  of  the  ethyl-p-tolusulfonate  of  6-acetamlno-2-methylbenzothiazole 
and  0.27  g  of  the  dianil  hydrochloride  of  malonaldehyde  were  dissolved  in  6  ml 
of  absolute  alcohol,  0.l4  g  of  sodium  dissolved  in  I.5  ml  of  absolute  ethyl  al¬ 
cohol  was  added,  and  the  whole  was  boiled  for  20  minutes.  The  resulting  pre¬ 
cipitate  was  filtered  out  and  washed  with  water  and  then  with  alcohol  until  the 
filtrate  was  a  pure  blue.  The  yield  was  0.24  g  (35'?^  of  the  theoretical).  Light 
green  needles  with  a  golden  iridescence  (from  methanol).  M.p.  243*.  Absorp¬ 
tion  maximum  at  67O  mM-.  The  dye  was  dried  in  vacuum  at  90°  before  being  anal¬ 
yzed. 

Found  N  8.4l,  8.44.  C34H36O5N4S3.  Computed  N  8.28. 

3,1' -Diethyl-6-acetaminothia-4 ' cyanin  Iodide 

0.82  g  of  the  ethyl-p-tolusulfonate  of  6-acetaminO“2-methylbenzothiazole 
and  l.l4  g  of  quinoline  ethiodlde  were  dissolved  in  7  ml  of  absolute  ethyl  al¬ 
cohol,  a  solution  of  0.l4  g  of  sodium  in  3  ml  of  absolute  ethyl  alcohol  was 
added,  and  the  whole  was  boiled  for  I5  minutes  in  a  flask  fitted  with  a  reflux 
condenser.  After  the  mixture  had  cooled,  the  precipitated  dye  was  filtered  out 
and  washed  with  water  and  with  alcohol,.  The  yield  was  0.33  g  (63^t  of  the  theor¬ 
etical).  Thin  red  needles  (from  methanol).  M.p.  301°.  Absorption  maximum 
512  m  ,  (in  ethyl  alcohol).  The  dye  was  dried  in  vacuum  at  100°  before  being 
analyzed. 

Found  N  8.5O,  8.22.  C23H24ON3SI.  Computed  N  8.12. 

Ethyl-p-tolusulfonate  of  2-p-Diethylamlnostyryl-6- 
acetaminobenzothiazole  [14] 

0.82  g  of  the  ethyl-p-tolueulfonate  of  6-acetamino-2-methylbenzothiazole 
and  0.36  g  of  p-dimethylamlnobenzaldehyde  were  dissolved  in  4  ml  of  absolute 
ethyl  alcohol,  0.04  g  of  piperidine  was  added,  and  the  solution  was  boiled  for 
2  hours  in  a  flask  fitted  with  a  reflux  condenser.  After  the  contents  had 
cooled,  the  dye  was  filtered  out  and  washed  with  water  and  with  alcohol.  The 
yield  was  O.83  g  (77^  of  the  theoretical).  Red  needles  (from  methanol).  M.p. 

273-274° . 

The  ethiodlde  was  secured  by  adding  a  10^  aqueous  solution  of  potassium 
iodide  to  a  solution  of  the  ethyl-p-tolusulfcnate  in  methanol.  Blue-violet 
needles  (from.  m.ethanol).  M.p.  265°.  Absorption  ma.x;imum  at  552  mp  (530)  [i^J.The 
dye  was  dried  In  vacuum  at  120°  before  analysis. 

Found  N  8.47,  8-39.  C21H24ON3SI.  Computed  N  8.52. 

SUMMARY 

1.  The  6-formylamino-  and  6-methylsulfamino-2-methylbenzothiazoles  have 
been  synthesized,  together  with  the  quaternary  salts  of  these  bases  and  6-acet- 
amino-2-methylbenzothiazcle . 

2.  Several  thiacarbocyanins  containing  the  formylamino,  acetamino,  methyl- 
sulfamino,  and  amino  groups  at  the  6,6* -positions  have  been  synthesized.  The 
absorption  spectra  of  alcoholic  solutions  of  these  dyes  have  been  measured,  and 
their  photographic  properties  have  been  investigated. 

3.  When  the  amino  groups  of  6,6' -diamlnothiacarbocyanins  that  are  unsubsti- 


tuted  along  the  chain  are  acylated,  the  dyes'  absorption  maxima  are  displaced 
15-22  mp,  toward  the  shorter  wavelengths,  the  amount  of  this  displacement  depend 
ing  upon  the  nature  of  the  acyl  group. 

4.  Most  of  the  6,6* -di- (formylamino) -  and  6,6'-di<t(acetamino)-thiacarbo- 
cyanins  are  as  good  sensitizers  as  dyes  that  have  no  substituents  in  their  het¬ 
erocyclic  rings.  The  thiacarbocyanins  that  contain  acylamino  groups  do  not 
possess  much  caps-city  for  second-order  sensitization. 
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RESEARCHES  ON  THE  DERIVATIVES  OP  QUINOLINE 

VIII.;  SYNTHESIS  OP  SUBSTANTIVE  QUINQPKTHALONIC  DYES 
PROM  DIPHENYLDIAMINES  * 

V.  I.  Ardashev  and  Z.  V.Malina 


In  1937  A.E«Porai-Koshits  and  Kulikov  [1],  applying  the  analogy  in  the 
structure  of  acid  and  substantive  azo  dyes  (the  latter  possessing  a  ''twinned* 
formula),  synthesized  the  first  substantive  biquinophthalonic  yellow  dye  from 
biquinaldine  and  phthalic  anhydride  by  "twinning*  the  quinophthalone  molecule: 


'  The  dipole  formula  proposed  by  Kuhn  for  quinophthalone  is  in  better  agree¬ 
ment  with  the  requirement 9  of  color  theory,  as  it  contains  a  rather  long  system 
of  conjugated  double  bonds  [2]: 


The  biquinaldine  required  for  this  synthesis  was  prepared  by  the  Dobner- 
Miller  method,  using  arsenic  acid  as  the  oxidizing  agent j  this  doubled  the  yield, 
which  was  17 "6^  of  the  theoretical.  In  contrast  to  benzidine  azo  dyes,  dyes  of 
this  t3rpe  do  ndt  change  color  when  treated  with  acids  and  could  be  employed  in¬ 
dustrially  if  we  only  had  an  economically  satisfactory  method  of  seciuring  bi¬ 
quinaldine  products  [ij. 

The  objective  of  the  present  research  has  been  the  synthesis  of  biquinal¬ 
dine  derivatives  of  dlphenyldiamines:  benzidine,  tolidine,  and  dianisidine,  and 
then  securing  from  them  the  respective  quinophthalonic  substantive  dyes.  An 
attempt  to  secure  biquinaldine  intermediates  by  the  method  we  had  developed  for 
the  monoamines  (involving  their  joint  condensation  with  ethylene  glycol  and 
acetone  [3])  failed  when  diamines  were  used* in  the  reaction,  as  considerable 
tarring  occurred,  while  the  yields  of  the  end  products  were  low.  Wc  then  em¬ 
ployed  the  Beyer  reaction  [4]: 
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paraldehyde 

acetone 


(II) 


OCH3  OCH3 


paraldehyde, 

acetone _ 

hydrochloric 

acid 


N  OCH3  OCH3  N 


paraldehyde, 

acetone _ 

hydrochloric 

acid 


N  CH3 


CH3  N 


Schestopal  used  this  method  to  synthesize  tetramethylhiquinoline  (Equation 
(l)  from  benzidine  with  a  yield  that  was  some  '^0^  of  the  theoretical  [sjj  he  used 
washing  with  alcohol  to  separate  the  tetramethylbiquinoline  hydrochloride  from 
the  unrf.acted  benzidine  hydrochloride,  utilizing  the  latter's  high  solubility 
in  alcohol c  We  have  found  that  passing  a  current  of  dry  hydrogen  chloride 
through  the  reaction  mixture  during  the  reaction  increases  the  yield  of  the  tetra¬ 
methylbiquinoline  somewhat,  probably  because  of  the  more  complete  precipitation 
of  Its  salt.  In  the  reaction  with  dlanisldine,  the  corresponding  blqulnoline 
product  (Equation  II )  was  synthesized  with  a  yield  that  was  only  l8^  of  the  theor- 
etica^.j^  saturating  the  reaction  mixture  with  hydrogen  chloride  failing  to  raise 
the  yield,  owing  to  the  onset  of  tarring,  which  may  be  due  to  the  phenolic  na¬ 
ture  of  this  product.  The  synthesis  of  hexamethylbi quinoline  from  tolidine 
(Equation  III)  was  an  interesting  process.  Its  hydrochloride  was  not  precipi¬ 
tated  under  the  conditions  adopted  for  the  other-  intermediates,  so  that  we  re¬ 
sorted  to  the  method  of  recovery  described  in  the  experimental  section  below. 

The  yield  of  the  hexamethylblquinoline  was  51^  of  the  theoretical.  In  this  case, 
as  might  have  been  expected,  saturating  the  reaction  mixture  with  gaseous  hydro¬ 
gen  chloride  failed  to  improve  the  yield  perceptibly.  Nor  was  the  yield  improved 
by  the  use  of  oxidizing  agents,  such  as  arsenic  acid  or  stannic  chloride.  But 
when  it  is  borne  in  mind  that  the  yield  of  quinoline  preparations  in  the  Beyer 
reaction  is  ordinarily  30^^  the  use  of  tolidine  in  this  reaction  is  worthy  of 
note,  the  method  we  adopted  also  involving  the  regeneration  of  the  unreacted 
amine.  The  substantive  qulnophthalonic  dyes  secured  from  the  synthesized  inter¬ 
mediates  dyed  cotton  in  a  soda-alkali  bath  with  Glauber  salt  the  following 
colors;  dark  yellow  with  the  dye  based  on  benzidine j  dark  yellow  with  a  faint 
tinge  of  orange  with  the  dye  based  on  tolidine j  and  orange  with  the  dye  based  on 
dianisidine.  In  slightly  acid  baths  silk  is  dyed  deeper  shades  that  are  various 
tints  of  brown. 


In  the  synthesis  of  quinoline  derivatives  from  aromatic  amines  and  propylene 
glycol  we  have  already  remarked  that  syntheses  in  the  presence  of  acetone  provide 
a  higher  yield  [s]. 

The  cited  research  on  benzidine  likewise  demonstrates  that  the  diamines 
furnish  a  higher  yield  of  quinoline  bases  in  the  Beyer  reaction  than  in  the 
Dobner-Miller  reaction.  This  may  be  due  to  the  different  mechanism  Involved  in- 
these  reactions.  In  the  Dobner-Miller  reaction  it  is  highly  probable  that  , 


l^Tt 


Eibner-Eckstein  bases  are  formed,  which  are  of  cyclic  structirre  in  the  case  of 
diamines;  for  benzidine,  for  example,  we  have: 


As  the  formation  of  a  cyclic  base  is  impeded,  the  reaction  follows  another 
course,  resulting  in  a  lowering  of  the  yield  of  the  quinoline  base.  It  is  worthy 
of  note  that  the  apparent  object  of  the  preliminary  saturation  of  the  acetone- 
paraldehyde  mixture  with  hydrogen  chloride,  which  is  so  widely  practiced  in  the 
Beyer  reaction,  involves  the  maximum  formation  of  a  ketal,  whose  presence  we  do 
not  consider  essential,  since  we  believe  that  the  principal  course  followed  by 
this  reaction  is  the  formation  of  ethylidene  bases  [3],  Indeed,  in  our  investi¬ 
gation  of  a  mixture  of  paraldehyde  and  acetone,  we  have  found  that  acetone  is 
unaffected,  being  merely  a  solvent,  while  the  aldehyde  forms  the  a,a' -dlchloro- 
ethyl  ether  usually  resulting  under  these  conditions  [s].  When  this  ether  is 
heated  with  water,  as  is  the  case  in  the  Beyer  reaction,  it  is  decomposed  into 
acetaldehyde  and  hydrochloric  acid: 

//O 

(CH3CHC1)20  +  H2O  2CH3C(  +  2HC1. 

The  gradual  evolution  of  the  aldehyde  ensures  the  even  course  of  the  reac¬ 
tion  and  diminishes  tarring. 

EXPERIMENTAL 

Synthesis  of  2,2* ,4,4' -tetrame thy lb i quinoline.  Experiment  1.  A  mixture 
of  30  nil  of  paraldehyde  and  36  ml  of  acetone  was  placed  in  a  half-liter  flask 
and  chilled  with  ice  while  a  current  of  anhydrous  hydrogen  chloride  was  passed 
through  until  it  was  saturated.  This  took  1-1. 5  hours,  after  which  it  was  set 
aside  to  stand  for  about  2k  hours.  The  next  day  the  mixture  was  placed  in  a 
half-liter  round -bottomed  flask  containing  12.3  g  of  benzidine  and  :^0  ml  of  con¬ 
centrated  hydrochloric  acid  (sp.  gr.  I.I9),  which  had  been  thoroughly  stirred 
together.  The  flask  was  connected  to  a  reflux  condenser,  and  the  reaction  mlx.-_ 
ture  was  heated  over  a  water  bath  for  5  hours,  after  which  it  was  allowed  to 
stand  overnight.  The  next  day  the  crystallized  mass  was  boiled,  ^0  ml  of  water 
being  added,  and  then  the  tar  was  filtered  out  of  the  hot  solution.  As  the  fil¬ 
trate  cooledj  the  hydrochlorides  of  the  bases  settled}  they  were  filtered  out 
and  washed  on  the  filtrate  with  alcohol.  This  caused  the  benzidine  hydrochlor¬ 
ide  to  dissolve  in  the  alcohol,  while  the  tetramethylbi quinoline  salt  remained 
on  the  filter.  Decomposing  the  latter  with  a  solution  of  sodium  hydroxide 
yielded  the  free  base,  with  a  m.p.  of  224®,  the  melting  point  rjsing  to  a  con¬ 
stant  232°  after  recrystallization  from  alcohol.  The  yield  of  the  base  was  5-41  • 
g,  or  26^  of  the  theoretical. 

Experiment  2.  A  current  of  anhydrous  hydrogen  chloride  was  passed  through 
the  reaction  mixture  while  it  was  heated  over  the  water  bath.  The  resultant 
product  was  much  purer.  The  melting  pdint  of  the  base  precipitated  from  its  salt 
was  228*.  The  yield  was  6.5  g,  or  3102^  of  the  theoretical. 


Synthesis  of  2,2* ,4,4* -tetramethyl“8,8* -dlmethoxyblqulnollne.  Experiment  3» 
16,3  g  of  dianisldine  and  30  ml  of  hydrochloric  acid  were  placed  in  a  half -liter 
flask;  the  mixture  was  thoroughly  stirred,  and  a  mixture  of  30  ml  of  paraldehyde 
and  36  ml  of  acetone  that  had  been  saturated  with  hydrogen  chloride  the  day  be¬ 
fore  was  added.  The  flask  was  heated  for  5  hours  over  a  water  bath,  the  reaction 
being  much  more  vigorous  than  in  the  case  of  benzidine.  Then  the  flask  was  al¬ 
lowed  to  stand  overnight;  the  next  day  the  mixture  was  docompoGed  with  water  and 
boiled.  The  tar  was  filtered  out;  it  looked  like  tarry  crystals,  which  proved  to 
be  unreacted  dianisldine  after  they  had  been  purified.  The  filtrate  was  cooled, 
and  the  hydrochloride  settled  out  after  it  had  stood  for  two  or  three  hours.  The 
dianisldine  hydrochloride  was  washed  with  alcohol,  while  the  salt  of  the  blquin- 
oline  base,  which  looked  like  a  ^  a  lustrous  white  leaflets,  was  decomposed 
with  alkali.  The  yield  of  the  crude  base  was  4.4  g,  or  iS'jt  of  the  theoretical. 
Its  melting  point  was  not  sharp,  the  substance  turning  into  a  thick  mass  that  did 
not  flow  along  the  walls  of  the  capillary  at  115°  and  finally  melting  at  l80° . 

It  was recrystalllzm  twice  from  alcohol,  yielding  a  constant  m.p.  of  195°  • 

Synthesis  of  2,2* ,4,4* ,8,8* -hexamethylbiquinoline.  Experiment  4.  l4 . 2  g 
of  tolldine  was  placed  in  a  half-liter  flask  and  thoroughly  mixed  with  30  nil  of 
concentrated  hydrochloric  acid,  after  which  a  mixture  of  35  ml  of  paraldehyde 
and  40  ml  of  acetone  that  had  been  saturated  with  hydrogen  chloride  the  day  be¬ 
fore  was  added,  and  the  flask  was  heated  for  5  hours  over  a  water  bath.  The  next 
day  the  reaction  mixture  was  diluted  with  50  ml  of  water  and  cautiously  boiled, 
because  a  dense  precipitate  that  was  only  sparingly  soluble  in  a  hydrochloric - 
acid  medium  formed  at  the  bottom  of  the  flask;  it  was  filtered  out  together  with 
the  tar.  This  tarry  precipitate  was  boiled  in  water  that  had  been  acidulated 
with  hydrochloric  acid,  after  which  the  tar  was  filtered  out.  The  pure  hexa- 
methjrlbiqulnoline  base  was  precipitated  from  the  filtrate  by  a  sodium  hydroxide 
solution  as  O.9  g  of  a  white  powder  with  a  m.p.  of  225°,  yield  being  4^  of  the 
thebretical.  Recrystallization  from  alcohol  did  not  affect  its  melting  point. 

In  contrast  to  the  experiments  with  benzidine  and  dianisldine,  no  hydrochlorides 
settled  out  of  the  first  filtrate.  We  then  precipitated  the  base  with  a  30^ 
solution  of  sodium  hydroxide  after  having  diluted  the  mixture  considerably  with 
water.  This  threw  down  17.7  g  of  a  crystalline  precipitate  with  a  m.p.  of  I76- 
180® .  The  use  of  various  methods  of  separating  and  purifying  the  resultant 
mixture  of  bases,  such  as  diazotization,  separation  by  means  of  ferrocyanides, 
converting  the  blquinoline  base  into  a  dichromate,  and  the  like,  all  failed  to 
yield  a  satisfactory  result.  We  finally  hit  upon  treating  the  crude  product 
with  phthalic  anhydride,  as  suggested  by  A.E.Porai-Koshlts  [9],  involving  the 
phthalic -anhydride  processing  of  the  quinoline  derivatives  mixed  with  the  amines, 
both  in  various  solvents  and  without  any  solvent.  The  primary  amines  react  with 

the  anhydride,  forming  arylphthalamlc  acids  of  the  C6H4<C^QQg  type,  where  R 

is  the  respective  aromatic  radical.  These  acids  can  be  separated  from  the  quin¬ 
oline  derivatives  by  dissolving  them  in  aqueous  caustic  alkalies  or  in  soda. 

Then  the  alkaline  solution  of  the  arylphthalamlc  acid  can  be  saponified  in  an 
autoclave  to  recover  the  phthalic  acid  as  well  as  the  primary  amine.  After 
testing  various  solvents  we  selected  ether.  The  precipitated  bases  were  treated 
with  25  ml  of  ether,  the  xindissolved  residue  being  filtered  out  and  dried.  This 
yielded  J.d  g  of  purified  hexamethylbiquinollne  with  a  m.p.  of  220*,  representing 
34.2^  of  the  theoretical  yield.  The  ether  solution,  which  contained  tolidine  and 
the  hexamethylbiquinollne  dissolved  in  it,  was  processed  with  phthalic  anhydride 
for  one  hour  at  room  temperature.  Then  the  ether  was  driven  off,  and  the  residue 
was  treated  with  a  10^  sodium  hydroxide  solution  until  all  the  toll dine phthalic 
acid  had  dissolved.  The  solution  was  decanted  from  the  tarry  residue,  which  dis¬ 
solved  freely  in  acidulated  water.  The  action  of  alkali  yielded  3.O  g  of  hexa¬ 
methylbiquinollne  with  a  m.p.  of  193-195° ^  representing  13.3^  of  the  theoretical 
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yield,  the  melting  point  rising  to  220°  after  washing  with  alcohol.  The  overall 
yield  of  the  hexamethylhi quinoline  was  of  the  theoretical, 

Synthesis  of  substantive  hiquinophthalonic  dyes.  We  synthesized  the  hi-  ,, 

quinophthalones  from  the  intermediates  and  sulfonated  them  in  the  usual  manner-,  ’ 

hy  the  method  described  by  A.E.Porai-Koshits  and  Kulikov  [i.  1.  The  yields  of  the  •  j 
bi quinophthalones  were  as  follows:  75^  of  the  theoretical  from  the  benzidine  in¬ 
termediate!  69^  from  the  dianisidine  onej  and  83^  from  the  tolidine  one, 

Blqulnophthalone  from  tetramethylbi quinoline:  0.2668  g  substance:  12  ml 

N2  (21.5%  75^  mm).  Found  N  5-03o  C38H24N2O4.  Computed  N  5. 00. 

Blqulnophthalone  from  dlmethyldimethoxybl quinoline:  0.227^  g  substance: 

9  ml  N2  (19%  761  mm).  Found  N  4.52.  C40H28N2O6.  Computed  N  4.43, 

Blqulnophthalone  from,  hexamethylbiquinoline.  0.2612  g  substance.  10.2  ml 

N2  (20.3°,  760  mm).  Found  N  4.44,  C40H28N2O4,  Computed  N  4.67. 

The  bi quinophthalones  are  dark-brown  powders  that  do  not  fuse  below  36O*, 
but  sublime  partially.  The  bi quinophthalones  are  sulfonated  with  a  yield  that 
is  95^^  of  tbe  theoretical.  If  the  product  with  a  m.p.  of  193°  secured  from  the  1 
ether  extract  is  used  to  prepare  a  blqulnophthalone  from  hexamethylbiquinoline, 
the  yield  of  the  blqulnophthalone  drops  to  74^  of  the  theoretical,  but  the  re¬ 
sulting  dye  has  the  same  properties  as  the  dye  synthesized  from  the  hexamethyl¬ 
biquinoline  that  has  a  m.p.  of  225°, 

SIJMMAP.Y 

1,  In  synthesizing  quinoline  bases  from  aromatic  diamines  of  the  diphenyl 
series  a  difference  is  observed  between  the  Beyer  and  iJobner -Miller  reactions, 
the  yields  of  the  quinoline  bases  being  much  lower  in  the  Hobner-Mil ler  reac¬ 
tion. 


2.  The  following  crystalline  products  have  been  synthesized  from  diamines 
of  the  diphenyl  series  by  the  Beyer  reaction:  2,2* ,4,4' -tetramethylbiqulnoline, 
with  a  yield  of  31lf»  of  the  theoretical  from  benzidine;  2,2’  ,4,4*-tetramethyl- 
8,8* -dimethoxybiquinoline,  with  a  yield  of  l8^,  from  dianisidine;  and  2,2'4,4',- 
8,8* -hexamethylbiquinoline,  with  a  yield  of  51^^  from  tolidine,  these  yields 
being,  as  far  as  we  know,  unprecedented  in  the  Beyer  reaction.  The  first  of 
these  products  has  been  described  in  the  literature,  while  the  other  two  have 
been  synthesized  for  the  first  time. 

3.  These  intermediates  have  been  used  to  synthesize  biquinophthalonlc  dyes 
that  are  substantive.  All  three  of  these  dyes  have  been  synthesized  for  the 
first  time. 

4.  Increasing  the  number  of  methyl  groups  or  introducing  methoxy  groups 
into  the  aromatic  rings  of  hiquinophthalonic  dyes  deepens  their  color. 
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RESEARCH  ON  ISOQUINOLINE  COMPOUNDS 


III.:  SYNTHESIS  OP  N-METHYL- 1- (3  ,4  -DIMETHOXYRENZYL-5 . 6-01 - 

METHOXY-1, 2, 3 , 4- TETRAHYDROI SOQUINOLINE 

% 

R.  S.  Livshits,  -  M.  S.  Rainova,  <  G.  I.  Razilevskaya,  <  E.  I .  Genkin,  <  N.  ^  A‘. Preobrash- 
ensky  and  students  Yu. M. Rozanova  and  Z.A.  Raranova 


In  our  previous  report  [i]  we  described  the  synthesis  of  N-Methyl-1- (4 ' -meth- 
oxybenzyl) -6-methoxy-l,2,3;4-tetrahydroisoquinoline  methiodide,  which  contains 
a  group  resembling  the  structure  of  the  alkaloid  morphine.  Pursuing  our  research 
on  the  syntheses  of  compounds  whose  structure  resembles  that  of  morphine,  we  have 
effected  the  synthesis  of  N-methyl-1- (3j -dimethoxybenzyl) -5,6-dimethoxy-l,2, 
3,4-tetrahydroisoquinoline  (XXl)  described  in  the  present  paper,  which  has  the 
pattern  of  N-methyl-1- (3' ,4' -dimethoxybenzyl) -5^6-dimethoxy-7-dimethylamino-l,2, 
3,4,5;6,7,8-octahydroisoquinoline  (XXIl)  -  the  principal  intermediate  in  the  syn¬ 
thesis  of  morphine,  (XXIIl) : 


(CH3)2N 

H3C0L  ^0 

H3CO 

(CH3)2N 

— H3CO 

H3CO 


H3CO-  b)  Hp(LiAlHA)  ^ 

H3CO  OH 

OCH3 


NH2 


H3CO. 


CH2  • 

I 

COOR  POCI3,  HCHO,  H2 


OCH3 


H3CO 


(CH3)2N,'-' 

H3CO 

H3CO 


CHp 

1 


-N-CHa 


or 


H^CO, 

Hsco:^  J 


H3P04 


CH3X  +  AgOH 


H3CO 

H3CO 


:1__J 


N(CH3); 


N-“CH3 


(XXII) 
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HO, 


Ln-ch3 


HO 


(mil) 

N-Methyl-l-  (3  o^'  -dimothoxybenzyl) -5,6-dlmethoxy-l,2,3>^“'betrahydroisoquinol 
ine  (XXl)  was  synthesized  as  follows; 


OH  ^ 

HaCOjf^ 

ClCHgCH^GHg 


0CH2CH=CH2 
HaCOff^ 


OH 


(I) 


OH 


NaOH 


HaCOrf^CH.-CHCHs 

(CH^O)pSOp 


(III) 


OCHa^O 

CH2(C00H)2  ^ 


■(V) 

OCH3 


H3C0j<^CH=CHCH3 

(IV) 

OCH3 

H3CO  I  \CH:^CHC00H 
(VI) 


K2Cr207 


Na(Hg) 


OCH3 

H3C  Oj^  C  HsC  H2C  OOC  H3 


NH^ 


(VIII) 


OCH3 


H3C0[^"^CH2CH2C0NH2  V  H3C0||^CH2CH2NH2 


(IX) 


(X) 


B. 


// 


0 


H 

^0CH3 


OH 


CH20H 


SOClp 


OCH3 
OCH3 


(XI) 


(xir) 
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CHsCl 


CH2CK 


CH2COOH 


CH2COOC2H5 


QNaCN  , 
OCH3 

3 

(XIIlJ 


OCH3 

(XIV) 


OCH3 


H3CO 


H3CO 


N-CH3 


or 


.W-CE3 


(XXI) 


Condensing  P- (2,5-dimethoxyphenyl) -ethylamlne  (X)  with  the  ethyl  ester  of 
3,4-dimethoxyphenylacetic  acid  (XVl)  yielded  the  corresponding  amide  (X'/Il). 
Heating  the'  latter  with  phosphorus  oxychloride  converted  it  into  3j'>^'-dimeth- 
oxyphenyl-5,6-dlmethoxy,3,!^dlhy(iroisoqulnolyl-(l)  ketone  (XIX) ,  ^  rather  than  in¬ 
to  l-(3' -dimethoxybenzyl)-5^6-dimethoxy-3^^“dihydroisoquinoline  (XVIIl) .  We 
have  commented  on  transformations  of  this  type  in  our  preceding  paper  [1].  The 
methiodide  of  the  ketone  (XX)  was  reduced  hy  zinc  dust  to  N-methyl-l-(3S^' - 


dimethoxybenzyl)-5,6-dimethoxy-l,2,3^^-'tetrahydroisoquinoline  (XXl) .  The  pre¬ 
paration  of  the  initial  substances  used  in  this  synthesis  (x)  and '(XVl)  is  given 
at  A  and  B  in  the  diagram  . 


EXPERIMENTAL 

The  allyl  ester  of  guaiacol  (l)  was  prepared  from  guaiacol  and  allyl  chlor- 
ide  [2I.  B.p.  111-113°  at  I5  mmT”  Yield:  "(k'jo  of  the  theoretical. 

di8  1.0592)  ng°  1.5362)  MRd  if8.55  [a])  computed  1+7.6. 

Orthoallylguaiacol  (2-hy(iroxy-3-niethoxy-l-allylbenzene)  (ll).  This  was  pre¬ 
pared  by  heating  the  allyl  ester  of  guaiacol  to  230°  for  3  hours  [4]  .  B.p,  124- 
125*  at  15  mm.  Yield;  65^  of  the  theoretical. 

di8  1.0901+)  ng°  I.5I+II)  MRd  47.32)  computed  47.48. 

Ortholsoeugenol  (2-hydroxy-3-methoxyphenylpropene-l)  (ill).  The  orthoallyl 
guaiacol  was  isomerized  to  ortholsoeugenol  by  heating  it  to  170°  for  5  hours 
with  potassium  hydroxide  [2].  B.p.  125-128°  at  9  mm.  Yield:  52^  of  the  theor¬ 
etical.  M=p.  66°  (from  benzene).  Colorless  crystals  with  the  odor  of  cloves, 
freely  soluble  in  ether,  soluble  when  heated  In  benzene,  alcohol,  and  llgroin, 
and. insoluble  in  water. 

Methyl  ester  of  ortholsoeugenol  (V).  This  was  prepared  by  reacting  25  g  (l 
mole)  of  orthoi,soeugenol)  with  58.^  S  (2  moles)  of  freshly  distilled  dimethyl 
sulfate  dissolved  in  7  g  (I.I6  mole)  of  sodium  hydroxide  in  100  ml  of  methanol, 
by  the  method  we  have  described  earlier  [1].  B.p.  128°  at  11  mm.  Yield:  24  g 
(89^  of  the  theoretical) . 

di8  1.0372)  ng°  1.5535)  MRd  52.05)  computed  52.22. 

2.3- Dimethoxybenzaldehyde  (o-veratraldehyde)  (V)  was  prepared  by  Mauthner,[2] 
by  oxidizing  the  methyl  ester  of  ortholsoeugenol  with  ozone.  We  have  developed 
a  method  of  oxidation  employing  potassium  dlchromate:  45  ml  of  concentrated 
sulfuric  acid  (sp.  gr.  1,84)  was  added,  drop-by-drop  with  thorough  stirring, 
during  the  course  of  8  hours  to  a  mixture  of  25  g  of  the  methyl  ester  of  ortho¬ 
lsoeugenol  and  a  solution  of  58  g  of  potassium  dlchromate  in  480  ml  of  water, 
the  temperature  being  kept  at  38-40°.  The  2,3-dimethoxybenzaldehyde  was  ex¬ 
tracted  from  the  reaction  mixture  with  ether.  The  ether  extract  was  washed 
with  water  and  desiccated  with  calcined  calcium  chloride.  After  the  solvent 
had  been  driven  off,  the  residue  was  fractionated  in  vacuum,  the  bulk  of  the 
product  boiling  at  133-135“  (H  mm).  The  yield  was  l6,8  g  (70^  of  the  theor¬ 
etical).  M.p.  52-63°  (from  water). 

2.3- Dlmethoxycinnamic  acid  (Vl) .  20  g  of  2,3-dimethoxybenzaldehyde  and  30 

g  of  malonic  acid  yielded  23.4  g  of  2,3-dimethoxycinnamic  acid  (83.6^  of  the 
theoretical).  M.p.  177“  after  recrystallization  from  benzene  [1,5]. 

P- (2, 3-Dlmethoxyphenyl) -propionic  acid  (VIl) .  This  was  prepared  by  reducing 

2,3-dimethoxycinnamic  acid  with  sodium  amalgam  [1].  Yield:  85^  of  the  theoret¬ 
ical,  M.p.  68°  after  recrystallization  from  water  [5]. 

Methyl  ester  of  p- (2, 3-dimethoxyphenyl) -propionic  acid  (VIIl) .  20  g  of  p- 

(2, 3 - dime thoxyphenyl) -propionic  acid  was  heated  with  200  ml  of  methanol  and  10 
ml  of  sulfuric  acid  (sp.  gr.  1.84)  to  the  boiling  point  of  the  solution  for  8 
hours.  The  ether  was  eliminated  in  the  usual  manner.  B.p.  154-155°  at  9  mm. 
Yield:  19.2  g  (90^  of  the  theoretical).  A  colorless  liquid,  soluble  in  organic 
solvents  but  insoluble  in  water. 

di8. 1.127)  ng°  I.513O)  MRd  59.73)  computed  58.95. 


2.6^k  mg  substance:  6.245  mg  CO2;  1.730  mg  H2O.  2.878  mg  substance:  6.78O 

mg  COpj  1.860  mg  H2O.  Found  C  64.21,  64.29;  H  7-29,  7-23.  C12H16O4. 

Computed  C  64.25;  H  7.19. 

P-(2,3-Dlniethoxyphenyl)-propionamide  (IX) .  15  g  of  the  methyl  ester  of 

3- (2, 3-dlniethoxyphenyl) -propionic  acid  was  shaken  together  with  I5O  ml  of  aque¬ 
ous  ammonia,  saturated  in  the  cold,  for  10-12  hours  until  the  oil  vanished. 
Driving  off  the  excess  ammonia  in  vacuum  yielded  a  crystalline  precipitate  of 
the  amide.  Yield:  12  g  (86%  of  the  theoretical).  M.p.  99-100'’  after  recrystal¬ 
lization  from  benzene  [5]. 

P- (2,3-Dimethoxyphenyl) -ethylamine  (X) .  A  solution  of  potassium  hypobromite, 
prepared  with  16  g  of  bromine  and  160  ml  of  25^  potassium  hydroxide,  was  added 
to  a  suspension  of  10  g  of  P- (2,3-dimethoxyphenyl) -propionamide  in  I30  ml  of 
water.  After  the  amide  had  been  dissolved  by  shaking  the  flask,  the  solution 
was  slowly  heated  to  60°  over  a  water  bath  and  kept  at  60-65“  for  2  hours.  A 
layer  of  oil  -  the  amine  -  separated  out  in  the  course  of  the  reaction.  The 
amine  was  extracted  with  chloroform  and  distilled  in  vacuum  after  it  had  been 
desiccated  and  the  solvent  had  been  driven  off.  B.p.  134-135“  at  9  nim.  Yield; 
6.2  g  (72.5^  of  the  theoretical). 

3 >4-Dimethoxybenzaldehyde  (paraveratraldehyde)  (Xl) ,  was  prepared  by  methyl¬ 
ating  vanillin  with  dimethyl  sulfate  [e].  The  yield  was  90^  of  the  theoretical. 

3,4-Dimethoxybenzyl  alcohol  (veratryl  alcohol)  (XIl).  60  ml  of  a  ^0%  solu¬ 
tion  of  potassium  hydroxide  was  added  to  30  g  of  3^4-dlmethoxybenzaldehyde  dis¬ 
solved  in  75  nil  of  98^"^lcohol  and  45  ml  of  40^  formalin  at  such  a  rate  as  to 
keep  the  temperature  from  rising  above  40“.  Then  the  temperature  was  slowly 
raised  to  70° >  stirring  being  continued  for  40  minutes  and  then  for  another  20 
minutes  while  the  reaction  mass  boiled.  After  the  mass  had  cooled,  the  alcohol 
was  driven  off  in  vacuum,  and  the  resulting  oil  was  extracted  with  ether.  The 
ether  extract  was  shaken  up  with  sodium  bisulfite  and  desiccated  with  calcined 
potash.  B.p,  159-160°  at  10  mm.  The  yield  was  28.8  g  (96%  of  the  theoretical, 
[t]). 

3>4-Dimethoxybenzyl  chloride  (XIIl) .  This  was  prepared  from  3^4-dimethoxy- 
benzyl  alcohol,  with  a  yield  that  was  90^  of  the  theoretical,  by  reacting  it 
with  thionyl  chloride.  M.p.  51°  after  recrystallization  from  alcohol  [a]. 

3 i4-Dimethoxybenzyl  cyanide  (XIV).  This  was  prepared  by  reacting  a  benzene 
solution  of  3>4-dimethoxybenzyl  chloride  with  an  aqueous  solution  of  sodium  cyan¬ 
ide.  B.p,  168-170°  at  9  nrni;  Yield:  68^  of  the  theoretical,  M.p.  68°  after  re¬ 
crystallization  from  alcohol  [a], 

3 i4-Dimetho.xyphenylacetic  acid  (XV)  was  prepared  by  saponifying  3>4-dimethoxy- 
benzyl  cyanide,  the  yield  being  67%  of  the  theoretical.  M.p.  of  the  anhydrous 
acid  98-99°. 

Ethyl  ester  of  3>4-dimethoxyphenylacetic  acid  (XVl).  This  was  prepared  by 
the  usual  method  of  esterification  [9].  B.p.  159^166°  at  5  n™*  Yield:  85^  of 
the  theoretical. 

P-  (2 ,3-Diniethoxyphenyl)  -ethyl-3 '  >4 '  -dimethoxyphenylacetamlde  (XVIl) .  3  g 

(1  mole )  of  P -  ( 2 , 3-dimethoxyfihenyl )  -ethylamine ,  3  •  75  g  of  fbe  ethyl  ester  of  3^4- 
dimethoxyphenylacetlc  acid,  and  a  few  drops  of  pyridine  were  heated  to  l80°  for 
3  hours  over  an  oil  bath.  The  reaction  mass  crystallized  slowly  in  the  cold  and 
somewhat  more  rapidly  when  seeded.  The  crystalline  precipitate  was  suction  fil¬ 
tered  and  washed  with  ligroin.  The  yield  was  3»7  g  (62.3^  of  the  theoretical). 
M.p.  89°  after  recrystallization  from  petroleum  ether.  Colorless  crystals,  sol¬ 
uble  in  alcohol,  ether,  and  chloroform.  Insoluble  in  ligroin  or  water. 
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2.730  mg  substance:  6.710  mg  CO^j  1,710  mg  H2O.  2.84^0  mg  substance;  6.970 
mg  CO2I  1.810  mg  H2O.  ^ol6d  mg  substance:  O.188  ml  N2  (20®^  'Jk6  mm). 

Found  C  67.07>  66.97;  H  7-01,  7ol5;  N  4.02.  C20H25O5N.  Computed 

C  66. 8I;  H  7. 01;  N  3.89o 

3* ,4' -Dimethoxyphenyl-3,6-dlmethoxy-3»4-dihydrolsoquinolyl-(l)  ketone  (XIX) . 

2  g  of  3- (3 ^ ^ -dimethoxyphenylT -ethyl-3 ' ^ 4 ' -dimfethoxyphenylacetamlde  was  heated 
with  12  ml  of  phosphorus  oxychloride  for  2  hours  over  a  boiling  water  bath.  The 
base  was  recovered  by  the  method  we  have  described  earlier  [1].  Driving  off  the 
benzene  in  vacuum  left  behind  a  thick  oil,  which  slowly  crystallized  in  a  vacuum 
desiccator.  The  yield  was  1.3  g  (65.7^  of  the  theoretical).  The  crude  base 
was  triturated  repeatedly  with  small  batches  of  ether  and  then  crystallized  from 
alcohol.  M.p.  119o5‘’-  Colorless  crystals,  soluble  in  benzene,  chloroform,  and 
hot  alcohol,  sparingly  soluble  in  ether,  and  insoluble  in  water. 

2.805  mg  substance;  6,935  mg  CO2;'  1.535  mg  H2O.  2.717  njg  substance: 

6,733  mg  CO2I  1,482  mg  H2O,  5°385  mg  substances  O.205  ml  N2  (20°,  746  mm). 
Found  C  67.47,  67.63;  H  6.12,  6.10;  N  4.19,  C20H21O5N.  Computed 

C  67.57;  H  5.96;  N  4.10. 

Methiodlde  of  3'  ,4' -himethoxyphenyl-5> 8-dime thoxy-3)4-dihydr oisoquinolyle'( l) , 
ketone  (xx) .  1.3  g  of  the  ketone  was  heated  to  a  gentle  boil  with  I5  ml  of 
methyl  iodide  for  6  hours.  After  the  mixture  cooled,  the  precipitated  methiod- 
ide  was  suction-filtered  and  washed  repeatedly  with  anhydrous  ether.  The  yield 
was  1.5  g  (81.6^  of  the  theoretical).  M.p,  178-179“  after  crystallization  from 
alcohol.  Yellow  crystals,  soluble  when  heated  in  alcohol  or  water,  sparingly 
soluble  in  these  solvents  in  the  cold, 

2,563  mg  substance:  4.763  mg  CO2;  1.102  mg  H2O.  2.845  mg  substance; 

5.300  mg  CO2;  1.250  mg  H2O.  6.789  mg  substance:  O.192  ml  N2  (25°,  745*5  mm). 
Fou^d^^:^  ^  C21H24O5NI.  Computed  f  C 

N-Methyl-1- (3 '  >4' -dimethoxybenzyl)-5?6-dimethoxy-l,2,3»4-tetrahydroisoquinol- 
ine  (xxi)c  1  g  of  the  methiodide  of  3' -^imethoxyphenyl-5j6-dimethoxy-5^4- 
dihydroisoquinolyl-(l)  ketone  was  reduced  with  zinc  dust  by  the  method  we  have 
described  previously  [1].  Driving  off  the  ether  in  vacuum  left  behind  a  solid 
residue.  The  yield  was  0.5  g  (69,6'5()  of  the  theoretical).  M.p.  78-77“  after 
recrystallization  from  llgroln.  Minute  crystals,  soluble  in  alcohol,  benzene, 
chloroform,  and  ether.  Insoluble  in  water. 

1.931  mg  substance:  5«00  mg  CO2;  1,300  mg  H2O.  8,087  mg  substance:  0.293 
ml  N2  (17“>  730  mm),  3<>292  mg  substance;  0.II6  ml  N2  (l9“^  747  mm). 

Found  C  70.61;  H  7-53;  N  3-98,  4.03.  C21H27O4N.  Computed  C  70*54; 

H  7.62;  N  3o92, 

The  hydrochloride  was  prepared  by  reacting  ether  solutions  of  the  base  with 
hydrogen  chloride,  the  oil  that  separated  out  crystallizing  upon  standing.  The 
ether  solution  was  decanted,  and  the  precipitate  was  stirred  two  or  three  times 
with  absolute  ether  and  dried  in  a  vacuum  desiccator.  M.p.  139-l4l* .  Soluble 
in  alcohol  and  water,  insoluble  in  ether. 

4.386  mg  substance:  0.l43  ml  N2  (l9*5“^  746  mm).  2,800  mg  substances  0.09I 
ml  N2  (18°,  748  mm).  Found  N  3.67,  3.77«  C21H28O4NCI,  Computed  N  3-55. 

SUMMARY 

N-Methyl-l-(3' ,4' -dlmethoxybenzyl)-5^6  dimethoxy  1,2,3,4-tetrahydroisoquinol-  . 
ine  has  been  synthesized;  it  has  the  pattern  of  N-methyl-1- (3» ,4* -dimethoxy- 
benzyl ) -5 , 6-dimethoxy-7-dimethylamino-l , 2, 3, 4, 5, 6, 7, 8-oc tahydr oisoquinoline  - 
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the  principal  intermediate  in  the  synthesis  of  morphine. 
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RESEARCHES  ON  ISOQUINOLINE  COMPOUNDS 


IV. SYNTHESIS  OP  l-[3“(3  -PYRIDYL) -ETHYL] -6, 7-DIMETH- 
OXY-1, 2, 3,  4-TETRAHYDROISOQUINOLINE 

R. S.  Livshits,  •  R. p.  Evstigneeva,  <  M.  S. Rainova,  and  N. A. preobrazh- 
,  ensky 


Numerous  researches  on  the  synthesis  of  substitutes  for  complicated  phys¬ 
iologically  active  natural  compounds  have  shown  it  is  often  sufficient  to  have 
certain  groups  and  a  similar  arrangement  of  the  atoms  present  in  the  molecule 
to  achieve  the  same  therapeutic  effect.  We  undertook  an  investigation  along 
these  lines  with  a  view  to  synthesizing  the  analog  (l)  of  the  alkaloid  emetine 
(ll),  *  which  differs  from  the  natural  substance  in  not  having  a  methyl  group 
in  the  piperidine  ring  and  having  one  of  the  isoquinoline  rings  open. 


Brindley  and  Pyeman  formula 


In  this  report  we  describe  the  first  half  of  our  research;  the  synthesis 
of  1- [ 3- (3 ' -pyrldyl) -ethyl ] -6, 7-dimethoxy-l, 2, 3, 4-tetrahydroisoqulnoline  (III ) . 

This  compound  was  synthesized  as  follows; 


*  While  the  present  paper  was  in  the  handb  of  the  editor,  the  authors  of  the  paper,  in  associa¬ 
tion  with  L. I. Zakharkin,  completed  their  research  on  the  synthesis  of  emetine,  determining  its 
structure  as  4',  5'-dimethoxy-f-ethyl-7- (1^/  -methyl-6"  ,  7  " -dimethoxy-1 "  ,2",  3  ",4"  -tetra- 
hydroisoQuinolyl)-3,4,5,6,7,8, 9,10-octahydro-l,2  :  1', 2'-benzoquinoline,  represented  by  the 
formula: 


K3CO 

FaCO'-, 


r  1 

1'  ^N, 

HN  1 

V 

OCH3 

OCH3 


(VI)  (VII)  (VIII) 


We  prepared  3- (3-pyridyl) -acrylic  acid  (VIIl)  on  the' whole  l3y  the  jnethocL-de- 
scrihed  in  the  literature.  It  was  converted  into  3- (3-pyr idyl) -propionic  acid 
(ix)  by  reducing  it  with  hydriodic  acid.  Condensation  of  the  ethyl  ester  of 
the  reduced  acid  (x)  with  3-(3,^-dimethoxyphenyl)-ethylaniine  yielded  the  corres¬ 
ponding  amide  (Xl) .  Reaction  with  phosphorus -oxychloride  converted  the  amide 
into  l-[3-(3'  -pyridyl)-ethyl]-6,7-dlniethoxy-3^-dihydrotetraisoquinoline  (XIl), 
which  was  reduced  with  zinc  dust  to  l-[3- (3' -pyridyl) -ethyl]-6,7”dimethoxy-l,2, 
3,4-tetrahydroisoquinoline  (ill). 

EXPERIMENTAL  , 

Methyl  ester  of  nicotinic  acid  (IV).  This  was  prepared  by  the  usual  method 
of  esterification.  B.p.  89-90°  at  7  nim.  M.p.  38°  •  Yields  80^  of  the  theoret¬ 
ical  [1]. 

Nicotinic  acid  hydrazide  (V)  was  prepared  from  the  methyl  ester  of  nicotinic 
acid  and  hydrazine  hydrate  [2].  M.p.  158-159° •  Yields  98-99^  of  the  theoretical. 
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The  benzene sulfohydrazide  of  nicotinic  acid  (Vl)  was  prepared  by  conden¬ 
sing  nicotinic  acid  hydrazide  with  benzene  sulfochloride  at  0",  the  yield  being 
96.5^  of  the  theoretical.  M.p.  182-I83",  and  185-186°  after  recrystallization 
from  alcohol  [3]. 

Nlcot inaldehyde  (VII )  was  prepared  by  heating  the  benzene sulfohydrazide  of 
nicotinic  acid  in  ethylene  glycol  to  l60°  fqr  2  minutes  with  sodium  carbonate ^ 

[3].  The  yield  was  28-50^  of  the  theoretical.  M.p.  85-90°  at -12  ram. 

P- idyl) -acrylic  acid  (VIIl)  was  prepared  by  condensing  nicotinalde- 
hyde  with  malonlc  acid  [3].  M.p.  250-232° ,  and  252-253°  after  recrystallization 
from  alcohol.  Yield;  67-70^  of  the  theoretical. 

P-(3-I^idyl) -propionic  acid  (homohomonicotinic  acid)  (IX).'  8  g  of  P-(3- 
pyridyl) -acrylic  acid,  40  ml  of  glacial  acetic  acid,  80  ml  of  hydrlodlc  acid  (sp. 
gr.  1.71) >  and  5  g  of  red  phosphorus  were  heated  together  over  an  oil  bath  for 
l4-15  hours,  to  a  gentle  boil,  with  constant  stirring.  After  the  reaction  mass 
had  cooled,  it  was  diluted  with  5O  ml  of  water.  After  the  excess  phosphorus 
had  been  filtered  out,  the  filtrate  was  evaporated  to  dryness  in  vacuum.  The 
crystalline  hydriodide  of  p- (5-pyTidyl) -propionic  acid  was  washed  repeatedly 
with  anhydrous  acetone.  The  yield  was  13o5  g  (90^  of  the  theoretical).  It  crys¬ 
tallized  as  colorless  lamellae,  which  were  freely  soluble  in  water  and  boiling 
alcohol.  M.p.  165-164°. 

6.875  ™g  substance;  0.514  ml  N2  (22°,  740  mm).  5*135*nig  substance; 

0.227  ml  N2  (17°,  736  mm).  Found  N  5-04,  5.04.  C8H10O2NI. 

Computed  N  ^.02. 

A  solution  of  8  g  of  sodium  diphosphate  in  12  ml  of  water  was  added  to  a 
hot  solution  of  4  g  of  the  hydriodide  of  P- (5 -pyridyl) -propionic  acid  in  8  ml  of 
water,  and  the  resultant  solution  was  evaporated  in  vacuum  to  dryness.  The  dry 
residue  was  boiled  with  butyl  alcohol  several  times.  When  the  filtrate  was  .. 
chilled  to  0°,  a  finely  crystalline  precipitate  of  P- (5-pyridyl) -propionic  acid 
settled  out.  The  yield  was  2.1  g  (99^  of  the  theoretical).  It  crystallized 
^om  alcohol  as  minute,  colorless,  rhombic  crystals.  M.p.  157-158*  •  Soluble 
in  water  and  boiling  alcohol.  Insoluble  in  ether,  benzene,  or  llgroln. 

5.000  mg  substance;  6.990  mg  CO25  I.67O  mg  H2O.  5*545  mg  substance; 

8.295  mg  CO2)  1.875  mg  H2O.  5.146  mg  substance;  0.255  ml  N2  (l6°,  738  mm). 

2.887  mg  substance;  O.25O  ml  N2  (15°,  739  mm).  Found  C  65. 54^  65.8OJ 

-H  6.22,  5.92j  N  9.25,  9.18.  C8H9O2N.  Computed  C  65.55;  H  6.00;  N  9.27* 

Ethyl  ester  of  P-(5-pyridyl) -propionic  acid  (X) .  8  g  of  the  crude  hydriod¬ 

ide  of  p- (5-pyridyl) -propionic  acid  was  heated  with  80  ml  of  absolute  ethyl  al¬ 
cohol  to  a  gentle  boil  for  8  hours  while  anhydrous  hydrogen  chloride  was  passed 
through  the  mixture.  Then  the  excess  alcohol  was' driven  off  in  vacuum,  and  the 
residue  was  poured  into  cold  water.  The  solution  was  decolorized  by  adding  a 
few  drops  of  sodium  bisulfite,  after  which  it  was  processed  with  sodiiim  carbonate 
until  its  reaction  was  alkaline.  The  ethyl  ester  of  P- (5-pyTidyl) -propionic  acid 
was  repeatedly  extracted  with  ether.  After  the  solvent  had  been  driven  off,  the 

residue  was  distilled  in  vacuum.  B.p.  129-150°  at  7  mm.  Yield;  5.9  g  (75*7^ 

of  the  theoretical). 

A  colorless  liquid,  soluble  in  organic  solvents  and  in  water. 

n^o  1.4985;  dig  I.07I;  MRd  49.15;  computed  49.57. 

2.910  mg  substance;  7.150  mg  CO2;  I.985  mg  H2O.  5.O7O  mg  substance; 

7.510  mg  CO2;  2.07  mg  H2O.  5.345  mg  substance:  0.240  ml  N2  (19.5°,  744.5  mm). 

2.944  mg  substance:  0.2l6  ml  N2  (19*5*,  744  mm).  Found  C  67. 0,  66. 7I. 

H  7.55,  7.54;  N  8.05,  8.21.  C10H13O2N.  Computed  C  67. 0;  H  7.31;  N  7.81. 
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Treating  an  ether  solution  of  the  ethyl  ester  of  P- (3-pyridyl) -propionic 
acid  with  ether  that  had  been  saturated  with  hydrogen  chloride  yielded  the  crys¬ 
talline  hydrochloride.  It  was  purified  by  precipitating  it  from  an  alcoholic 
solution  with  ether.  Colorless  crystals,  soluble  in  water  and  in  alcohol,  in¬ 
soluble  in  ether.  M.p.  95-96°.  Highly  hygroscopic. 

4.767  mg  substance;  0.270  ml  Ng  (20®,  7^6.5  mm').  3.46l  mg  substance: 

0.210  ml  N2  (17°,  722  mm).  Found  N  6.48,  6.40.  CioHr402NCl. 

Computed  N  6.49. 

The  picrate  was  prepared  by  reacting  ether  solutions  of  the  ethyl  ester  of 
(5_pyridyl) -propionic  acid  and  picric  acid  together.  It  crystallized  fromal- 
cohol  as  minute  yellow  parellelograms.  M.p.  81-82®.  Soluble  in  water  and  in 
hot  alcohol,  insoluble  in  ether. 

4.246  mg  substance;  0.517  ml  N2  (2(^°,  743  mm).  4.051  mg  substance: 

0.494  ml  N2  (21®,  743  mm).  Found  N  13.6O,  13.57.  C16H16O9N4. 

Computed  N  13.68. 

(3 »4-Dlmethoxyphenyl) -ethyl-3- (3 ' -pyrldyl) -propionamide  (Xl) .  3  g  of 

the  ethyl  ester  of  3- (3' -pyridyl)  propionic  acid,  3  g  of  3-(3,4-dimethoxyphenyl) 
ethylamine  [4],  and  a  few  drops  of  anhydrous  pyridine  were  heated  to  I80®  for  3 
hours  over  an  oil  bath.  The  amide  crystallized  out  after  the  reaction  mass  had 
stood  for  a  long  time  ( 10-12  hours,  the  time  being  shortened  when  a  seed  crys¬ 
tal  was  used) .  It  was  suction-filtered  out  and  washed  repeatedly  with  anhyd:- 
rous  ligroin.  The  yield  was  4.2  g  (80.7^  of  the  theoretical).  It  crystallized 
from  water  as  colorless  needles.  M.p.  103°.  Soluble  in  alcohol,  benzene, 
chloroform,  and  ether,  and  when  heated  in  water  or  petroleum  ether;  Insoluble 
in  ligroin, 

2.748  mg  substance J  0.217  ml  N2  (l9°^  744  mm).  3.960  mg  substance: 

0.323  ml  N2  (20°,  727  mm).  Found  N  8.90,  9,09.  C18H22O3N2. 

Computed  N  8. 91. 

l-[ 3-  .3*  -Pyr-dyl,  -.zthyl ] -6 , 7-di.ii€thoxy-3 , 4rPibyoroigo.a^'^inol ine  , 

2  2  of  3- (^3,4-dlmethoxyphenyl) -ethylT3- (3' -PJ’^'iPyl) -pi^opionamide  was  heated  with 
constant  stirring^ over  a  boiling  water  bath  with  12  ml  of  phosphorus  oxychloride 
for  2,5  hours.  The  cooled  reaction  mass  was  poured  over  ice  cautiously.  The 
solution  was  decolorized  in  the  cold  with  charcoal  and  treated  with  soda  until 
its  reaction  was  alkaline.  The  isoquinoline  base  was  extracted  with  ether,  and 
the  ether  extract  was  desiccated  with  calcined  potash. 

Driving  off  the  solvent  left  behind  a  thick  yellow  mass,  which  crystallized 
when  left  to  stand  in  a  vacuum  desiccator.  The  yield  was  1.6  g  (85^  of  the 
theoretical).  It  crystallized  from  petroleum  ether  as  colorless  polyhedra.  M.p 
88-89°.  Soluble  in  alcohol,  benzene,  chloroform,  and  ether;  insoluble  in  water. 

3.290  mg  substance:  8.789  mg  CO2;  1.9^5  mg  H2O.  2.620  mg  substance; 

7.000  mg  CO2;  1.480  mg  H2O.  3.995  mg  substance;  0.322  ml  N2  (17.5*^ 

754  mm).  4.290  mg  substance;  0.35^  ml  N2  (20. 5*,  736  mm).  Found 
C  72.72,  72.85;  H  6.61,  6.31;  N  9.26,  9.29.  C18H20O2N2. 

Computed  C  72.93)  H  6.65;  N  9.42. 

The  hydrochloride  was  prepared  by  treating  an  ether  solution  of  the  isoquin 
oline  base  with  ether  t’-st  had  been  saturated  with  hydrogen  chloride.  It  crys¬ 
tallized  from  alcohol  as  colorless  needles.  M.p.  198-200°.  Soluble  in  water 
and  when  heated  in  alcohol.. 

4.438  mg  substance;  O.287  ml  Ng  (21.5° ^  732  mm).  Found  N  7.22. 

Ci8H2o02N2°2HC1.  Computed  N  7.58. 
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-Byridyl)  -•ethyl]-6,7-dlmethoyy“1^2.3>^-tRtrahydrolsoqulnoline  (ill) . 

A  mixture  consisting  of  1  g  of  -pyrldyT)-ethyl]~6,7-dimethoxy-5,4-dihyd- 

roisoquinoline,  30  ml  of  water,  4  g  of  zinc  dust,  and  Ool  g  of  copper  sulfate 
was  heated  over  a  boiling  water'bath  and  constantly  stirred  while  3  ml  of  concen¬ 
trated  sulfuric  acid  was  added  during  the  course  of  an  hour  at  such  a  rate  as  to  j 

prevent  the  excessive  evolution  of .hydrogen.  Then  heating  was  continued  for  1 

another  2  hours.  The  unreacted  zinc  was  filtered  out,  and  the  cooled  filtrate 
was  treated  with  soda. 

The  precipitated  zinc  hydroxide  was  dissolved  by  adding  ammonia,  and  the 
reduced  Isoquinollne  base  was  extracted  with  ether.  After  it  had  been  desiccated 
and  the  solvent  had  been  driven  off,  there  was  left  a  noncrystallizing,  thick, 
yellow  oil.  The  yield  was  0.7  g  ilO’io  of  the  theoretical).  I 

The  hydrochloride  was  prepared  from  an  ether  solution.  It  crystallized  i 

from  alcohol  as  minute  colorless  crystals.  M.p.  241-243°.  Soluble  in  water  and  ! 

in  hot  alcohol.  ! 

3o205  mg  substance:  6.795  mg  CO2;  I.815  mg  H2O.  2.975  mg  substance: 

6.330  mg  CO2I  1.665  mg  H2O.  4.382  mg  substance;  O.298  ml  N2  (l6“,  732 ^mm). 

3.837  mg  substance:  0.260  ml  N2  (16.5°,  739  mm).  Found  C  58.12, 

58.02;  H  6.33,  6.26;  N,7.65,  7.58.  C18H23O2N2CI.  Computed 

C  58.195  H  6.5I;  N  7.5^- 

SUMMARY 

l-[3- (3' -Pyridyl) -ethyl]-6,7-dimethoxy-l,2,3^4-tetrahydroisoquinoline  has 
been  synthesized  via  a  number  of  Intermediate  products,  many  of  which  are  not 
described  in  the  literature.  '  The  preparation  of  this  compound  opens  the  way  to 
the  synthesis  of  analogs  of  the  alkaloid  emetine,  resembling  the  latter  in 
structure. 
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